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[ ¥t It M * © tE n 3 
l 1 

ft W fft ffi t , 

fuE®ft«*S/ X;Mi, KUBIft* © « ifl *»o»K»B 3R *» 6 * T » 1 

5|i0fcEll£tiT*»>, 

Huie^ttffiMte. w ta s t6 x t - s> # m e a ts % m ta £ 1 s^csasisiT'S5S2S 
, fflta»#ttt&>'X;i/*fflLTi»iasfio*iii±»ciRft*»awK«iers«j:9Kajs* 
[ ii * a 2 ] 

©HI«lcMEilWtfitAUtlBI*tftOE*^Tillfc*ft**Sfc* HE$ft&*a/X;l/* 

aLTfflBa«0M±fc:«ft i fc&l&**<: £*ftS£i:-f&lfM 1 KfBKOlBft&S. 
C»*« 3 ] 

jRftSiR/ X;^tt 3ffittl3i|Xffi«£tcft*, M E 1 ft 0 IR / X ;b , WEa»)t¥» 

tt E JK tt El K is fit , WB»*o»MK#9 Tj£#5 &ffii**fiST « ttttftttEttttlUR^ 20 
X;I/«:ilLTlHllR-r 5 <fc 3 IS fiJc £ ft T 1^5 C ,!:%#®£-t£ ! l#®i:-f5tS;J<]l 1 X fi ffi 
2 KE«©8ftSHo 

[ is * a 4 ] 

sicfiiA, n ta ffi ft si ir \t . iSE8fi±ic»jai*nfcjiii*«i«'t**#*Kii3**o 

jSft[e]iR/X;UO±gPX{i-^^ilUTlHliK-r?)i: fcfctfEfc'rsill*^ l X IS * « 2 
ic IB *E © B ft £ it o 

c m # m 5 ] 

itu E $ ft « M « , ffiEfiKtt££fr&*T:5^fcS&S3£ftCEBSnfc*»©«fttt 
^yX;^IL flflESfcXx-^tfffiESS&^l&S-eSBSK:* fufE1«a©$ft«*S/ 30 
X;l/©^^ / >^<^feSuES^^^IS^^mTHuESt5©^ili^(S]©SW^[Rllc(fiB-r?) 

jRftffiteyx^^iiLTiuESSosffiKSifts^ie-rsctiWpffltrsiii^^ixii 
[ at * a e ] 

ffl E j£ ft & i& pGtt > «JEf8!Btt**fr&*TSWcSfc4£fiKEBSttfc«»0«ft# 
^;X/^SL, fl(IB»«XT-S>*<ffiB*«&»l&*-e*ISfc* ifiHRCfiftfltte/ 

^ft«*&yx;u^iitTMiaa«©aisic?sft«:«^L, 

jtfi 13 $ ft d K SB « , ffB«a©ftftEHK/X;l> ©?■&'>*< fcfcffiEfifett^&fr&JIT 
fJES*o»»*i^CffiH1 _ *»ft0W>'X/U*iiLTii[ESfi±»i:iB*R«nfeiRH*fll 40 
j8r<5»^*0iK**cfc*tfafcTSII#E4teE«©Btt«E. 

7 ] 

fu IE ffi a © f& ft m / X ;Wi , iuiafia©&ft«£/X/l/©ft®ncKB£ftT^.5;:i:* 

&m t? s is * a 4 x a » * « 6 icmm<Dmftmm.o 

8 ] 

BijEfllft fliE«Btt¥8fr&aJfc»ttttfco^T©fflB»fi©»tt£l*aK:itX 
?nT^U i:*1#fR4:"r5ffll*3« l 71S»**7©v>-fn^ l *KE«©E)tSilI. 

C IS * « 9 ] 

fUa®ft«:i&/X;U©IJBntcfctt£>$ft©¥i$Wftffit&£^ fuE*S^ft*&©ft*?ffi£ 50 
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tt*&./Xrt/0tHP«>*B*wi: L ft £ # 
H =5 d • v / w 

W**8©v^n^ l JRtclE«©Bft«Bo 

en *s i o ] 

flneffi{*#*&«w;, tOfEasswsn&aaKfi-^vT, m e $ ft tins / x ^ * a u r flu e a 
[nin i] io 

[ n * a i 2 ] 

f l BKIBKQBftttB. 

c n # a i 3 ] 

ftEBft0iRyX;l/0AnfclffllB9xM;*f--$;fc0MHti:» ffiE8B}fc¥3R©B»ffii: 
Wia«>x/N^^-^i:onPii:*ll»K*tV'»ci:*»«i: , r««l*a3Xttll#«4K 20 

la m <r> m yt m. b . 
[ m & a i 4 ] 

HulB^I*lfi]iRyX;l/OAPiHijfB^x/NXx-->*^©P t gilti. HuE«B-tt3*5fc©a»ffl i: 
flu f3 ^ x /> 7. -r - V £ <D m m <fc <0 fe <h Si^ c fcfcftBfcTSBSE 3 X If $ « 4 ic E « 

C » * « 1 5 ] 

9uE$ft«*Sy X;M£, fluESM^&©Mffi{cK8 b TEIS tiTfe «j , tOGBBB 
fcMEB*«*&>'X;l/^^RS1-«ap»KftV''TffllBa»ffi04SttB«»tt*W , r«ci: 

1 ft 5 is * « i 4 o^fn* 1 BtcettoBttSB. 

[IS* 31 1 6 ] 30 

fluE&»ft^2&©Sltffi«, MIBmi7?lR)J;0fcs IWEBl^riRlKBXfS^filO**^ 
«^Ci:^^®fr§II*JSl ft M ffl * « 1 4©^fti* 1 BlcEBOBtt&B. 

7] 

m IB K ft B »R / X ;!/ , HuEJSKtt^lSOgfcfflfcRSLTEBSnTfctK flu E a ffi 
ttuE^ft0iR/X;l/^A s KST5^»tcfc^TSufB*^S^*iiit^^*^^t"S^^ 
%#Bf:'rSB»«3X«B*«4lcE«OB3t*B. 

[ w * a 1 8 ] 

MES^^^^<DS*lffi* s 5€®^« ; S:W-r§Ci:^ ! (t1ili:-ri.ll*Sl7!)SIS*ai 7 © 

C M * « 1 9 ] 40 
fffEftBft^&OBISffifrBMtofcffitf* o flu E » 1£ X x - S/Mc # ft L ft ffi £ W 
-t£>)IfcSg|$tf£Ml;:<jf*., flu E ft « / X ;U © tU P flu E *t IrI ffi K.R It & n T «/•> 5 C i: 

[»*«2 0 ] 

flUEtaB^*3fiOB»ffi^6B»W»ciItf, o iiu E « IS X r - ^" C ft L ft ffi * *T 
TfcBBWtffcJEKB*., fluE^ft«m/X/U<Dl±SPSt>'fluEfSftlHliR/X;l'^AP^flu 
E # ft Si K S& £> ti T <^ 5 c fc«r«FBfr*B*S3X»lB*«4 E E «S <D B ft & B „ 
[ II * £ 2 1 ] 

, ttE/X/Hf^BOBftOfltJ&RtfffiSBBiJKWB-rifci&OMfflatBSW-r 50 
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5c tzft&tt zffixm i n s is * js 2 oo^ftifr 1 «££«©»)t§SBo 
ic tu ie a K & # s -r s & s e $ u t #j <s f £> c £ * it at t -t 5 is * a 2 1 k 12 m <d 



T 



immrn 2 3 


] 










£ & * ffi ft L 




■& 3 


itu IB S $ X f- 




IE 


B5 1 B « R ft ¥ 




19 IB 



i[ta»»*¥*oa»ffitii[8EiSfiXttffiiE¥ii*i:oHK#aE-r*aft*@»R , r*«(* 

2 4 ] 

mi IB ¥ M «^ iII5S*^f--^±K<Rll«n*WI5atEO / >*< i:fe-ffl5K»»-r*J; 
iKEIsnt^s: fc*«P«i:-r3ia#JS2 3lcfB«<DEft8B„ 

[ IS * « 2 5 ] 

II) IB ¥ ffi lc « , BuiB¥ffiffi±OiSft*K3l"rSfcii>oeR3lPtfl9:tt5tiTi/''SC i: * # 
®£-r3lS*«2 3XttH*JS2 4tcIB«wS^SHo 

[1*1 2 6 ] 

itu IB ¥ M lc li , fflK¥ffifi±K»tt*«*&T*fca©«iePtfKtt&nTV*c i: * «r 
®£-t5M«2 3 X »i W * « 2 4lcIBSS<D8lftSB 0 

C IS * « 2 7 ] 

h« IB ¥ ffi « K tt , roi2¥ffi«±fciRf**#£Lfttfffii2¥ffi«±®«#*«5ira;te»«> 
ffi&tffelPLTV^ct^MtTSIB*^ 3 X « IS # « 2 4lcIB«©Sftgfi 0 

[ is * a 2 8 ] 

MIH¥ffi«*iai3fi»^^3fiOg«ffiOT»c»»«Hi:5i!«iafl!*Mfc«ASCi:*#a 
£: T £ IS * « 2 3 71 M IS * ^ 2 7<D^m>tJMJBfcEii©Bft8iB. 
[ IS * * 2 9 ] 

KtfBStEX-r-^tt, a9E¥ffitS%W8Sfi»}t^3SO«»ffioT»ceift - rsc t T* * « 
J:3tcfl!ja?nT^SCfc*1fai:f«i9*S2 3 71 ^ IS * S 2 7 © ^ -f ft l 3HcIB *g 

[H$9 3 0 ] 

[ is * m 3 1 ] 

ic«iA?.ci:^#gittrsis*«3 0 icmm<Dmytmm 0 

[ IB * « 3 2 ] 

mi IB i£ ft l§] M W: , HuIB?SStoffilcSSW5.nfcAP?:iibTSuIBa^MSt>"miIBffigttffi 

m 3 OlcSBttQBtt&a. 
[ IS * 9 3 3 ] 

M f B iS $ SB # « , HfiIBJS^^^^*^#-r-5^f«i'D-a5T-feSi:i:*^mi:fSISs)<«3 
0 7b S IS * 5 3 2 <D ^ -f ft frlc IB ic <D S ft S fi „ 
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C m * 3 3 4 ] 
[ ft * W 3 5 ] 

£*&§ii:f3W5RJK3 4(cfe«cDS^SB 0 

[|*«3 6 ] 

mmz&ft L^a?^5i«^f-^i, 10 

Mieft^ffi©MlBK:&B£nfc$tt«ii&P£aLT[io^ 

mifBit^ffi<DJiBKffiB2tt/c${*lHlil5m£ffibT^ 
ft £ [Hi IK f £ $ * !el iR gp i: , 

mmm&mifenRvmmmwmw.'ittzi&vmts a 5 £ k b * tSfBSffiojsia^ffl^cfc 

£<S!;L3;:i:*f#®£-fSllft£§Bc 

r 11 * a 3 7 ] 

ffiKi!K*tHLP0JHH*Bl9HtrJ:9K:e!l«ru MfBMft^tWLPfrSi'KftH^tt/'c 20 
«(**llliR1-*«{*@iRP*!eK{iA«Ci*»ffltr*ll*«36»c|B*OII3t»ai. 

[ n $ * 3 8 ] 

uT*ia*nTv5ci:*wai:-r*ii*«i7bsi!»*iS37oi/^-fn*>i«Ki3«©« 
[ m ^ m 3 9 ] 

7b S W * « 3 7©^fn* 1 JSKfB«OS7 1 £SB 0 
[ff#« 4 0 ] 30 

Z M L T Ifim&fo <D %M ±ic m & % & & L T mEMfc <D ± & Z B & ^ > 

tijiaats^fluta® 1 i5fa<Dfcn?5ft?&zm2i5fafcftfr-?T&m2*£%t?> ssiaa^ 
[ m * « 4 1 1 

r z c tz&mt? zmj£ & 4 o \cE®<Dmyty5&o 40 
[s^a 4 2 ] 

EKfOlllltSlIf 8C t^i|ftiii:-r§W*JS4 0ClE*Oll)tt^pJi. 
CW*« 4 3 ] 

fcffi <D A 2 - y * & % K¥ Jk * ft L T &fo X 9 - V ± <D mfclc & & L t Z ® Kl5 & T- 
ft o T x 

is ta a « lc $e ¥ "f 5 ¥ I 8 i: . 

50 
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[ is m m 4 4 ] 

ffi^tuieSS7.x-^±^6aj^mr^ , 3tiJLXg^Mlc#tyi:i:^i|fiii:-r^I»5t<S4 

3 tc e * © s ft 75 & <> 

C IB M m 4 5 ] 

m ih & o i±i u x m <o & k , luiaifixf-v' ± k « L^as**Bt 5 i s * s k * tr C 

[ IS M « 4 6 ] 

CS9*« 4 7 ] 

*«^W^bTBBH^n^W[6]gPM^<i^§ili: ; & ! ttSS!^-r?>IS*S46^IB«^S3 , fiS 



T* to o T , 



CfS#« 4 8 ] 
C W f 11 9 ] 



$ o T , 



(WKMI«fr&Stt*iaiK**«ttiaiK»i:, 

[ is * m 5 o ] 

*«xx-">*±(DHuESfiicw^t-§yx;L'^*-r§?Sft«^a5^ e fc , 3BuE 

»3tt^3Si:iaiaS«i:OIBK:«j8l*}Bjfi-r*XS*Wr5 

c is * a 5 i ] 

tmii&mm torn k wi&* matt zmmBis. Jim 

[ IS * g 5 2 ] 

ISsRS 4 6 7i£ 4 9 <&v>1**ifr 1 5tISl<DS)t8i5:ffl^tT^W7* 

[ f§ bj§ © p id * ik m ] 



s ± ic m <* 
d , ffi e a 



IS 
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[ 0 0 0 1 ] 

[ 58 m <o m r a a m » © ] 

us, ttaa*j8^fc«jtt8ii;fttfBft£afc:ii8'r*. 

[ 0 0 0 2 ] 

L S I fc * V »i iB L S I fc£0ffi«*ffl^*->?*l«2ft*¥#f*^>W*©8!ifiIgfc 

'n <D ft (S £ * tl T f o 
[ 0 0 0 3 ] 

BB P » (NA) %**<-r*>&iSi:tf-»»T**. 

[ 0 0 0 4 ] 

g ft & fi £ O l> T fi , 3 6 5 n m <D i ifS 5 2 4 8 nm{tfifi<DI8JIiSft**!'*"*K r FX 

^i/vlz-f^lCgRLOOSt), M «: 1 9 3 nmftifiOJ8iSfi*Wt8 A r Fx* 

^ V U - +f CD Fwl IS it A> ? l> 5 c It, l 5 7nm{«J-j£OfSJiigft^Wri>7'y^ (F 2 

) i + i/vp-fow^tffftbnn^, 

[ 0 0 0 5 ] 

- s , cn6ttt^<9J«:i»«*iRi±SEfisfcLT«[ait*iB^fcia»«)tt*a3B'aB«n 

ffifctt. JftBft¥JR©HSiEi:Bft*tftS« (WAtffx/N) St(DH©S5§ 

o fflESffio^jjStt, «*.tf, sBft^£fc*xMfc<oiiii©siBKii0t;£fts«#fcMi* ( 

B*f* l . 3 3) U ?x/\fctt«**ft«0«*Altfttffc8i£i:fl£*a"e3Fb^i: 

{g £ l fc « 3- v> t , ^-«g©)ta8*ffl^Tt, «taffio»«*^fie*aoi. 33 

[ 0 0 0 6 ] 
[ 0 0 0 7 ] 
[ 0 0 0 8 ] 

t5-oli, S^)t^^i;>j7XMffii:T«fn/-c3?[H/c^li:®{*^j5itra-*;b7^;l/tt 
f$ 0 , £ <D £ j£ * ffl V gg ft g B # # HP X K 2 fc Bfl * 2 ft T V> 5 . 
[ 0 0 0 9 ] 

[ fF X fifc 1 ] 

#PIT 0 6 - 1 2 4 8 7 3 §»ffi 

C ttff X « 2 ] 
B^aiffFWOO 9 /4 9 5 0 4*t^$S 

[00 1 0 ] 

1# hf x » 1 KBBis^ftTt^rffi'pw:, •>x^\*jKa-piu&» , ri:iii*«'HBKfRftr«oT, 
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[001 1 ] 

m IB K 7 X;U * ltd T ft * «*S L T t , / X;bft^ £> » ffi 2 ft ft $ ft ft< ? 3: < c © IS 1$ K 

snasa^TSiwtfS!), c©fca&K: + #&ffisa<?t*^£^?^*£;tf&c>/'c. $ 
? t < ffin&£%^mfott, Xftfticmmtr fl-icmif rut ^, c©jsb 

c a tf fc « » * @ ir -r s fc a © « fB # & h * a »> , Dtaitf^^froc^oTis^ t 

^UlclStillBrT, r& ft © % 31 S X ft b , ttntf**<an, SliSffStL^ 10 
5, «:©»iSffSKUyXi:*x/\fc©HK:A9&A,-e, Jt © a 3S * *6 if » DKIltL 

[00 1 2 ] 

M K , ftfFXKZKM^StifcSffi-ea, '> * < t fe ? x ;n % X jft f 5 S tc , ? x ± ic 
WISSnfcffltttfclsliK-rs&gtfa&D, c©$ft©0iR©fci6lcg«©£jgtt£ffi!ftK:-t!: 

^tjfco Lfrt., -}x/N±©$ft£[I|iKT?>i:i:&, ft»U>XTffii£Slfc2 

* x a *• s s k * - gp & $ $ -r- r§ n , ffi©-gp&5f^?$ft©ii?-?ifc>n> m k ffl © - sp a 
umnnLKtAtiiiVtm t & t> a §. fit, ttjs&£ftfcffif*Kj±^s s^b>x^-> 

^«^ftsg&«LTtt')*£C£-li:/c: , 3, ££fc«fttfiR»'(£J»LT»»i:LT*««Jtf 
[00 l 3 ] 

* ft m « , ±f5©a4©M£i8#Tfc2nfcfc©T*£!5, ffirSffi^jifflLfcB^SHS 

£(cttftT?»fc-rcfc, X « > «IB3fc¥3R©«»ffitf*n*JR&#<*ll*eii£ft*'ir 
tgtt£{i®iT£ c £ , xtt. B ft S H © « SI * SB JMt L, I)tlf ^'hSftt^c tftf 30 

* S W i: r So 
[00 l 4 ] 

SBK&tK K&Bfi. L»»£-esafi*-r-S>i:» $ ft *S / X/U £ W L 

llT\ iwf2&ft$*S/X;l'«> Mf3JSf&ft^£©i§2!*^oiin58fgtt^£fr 5 JITff? 1 

sifliKEasnTfeD, S5 1 e $ ft « sp a , Huias«*7 i -s>tfi»i2ii**Miaflsi 

ft' a 8! « K J£ « J: ? K , i!H2®ft«*S/X;l/£>§LTi!nB»ffi©affi±K®ft£MW 40 
[00 1 5 ] 

*#8bji© jif mftmrnoBBK * n«\ tfif2&ft«*sgp«, m i a s is ®j -r § c t k * k> 

tuiefSft«*&/X;l/^jiLTHuf2«ffi©affi±fc?Sft ; £r^^-rS'ii:ft s fi : 

[00 1 6 ] 

*ftW©#aftftifi©«fffiEJ:*ifcf» *f6B^<oil^S»(i, $ft(H]UX/X;l/£:W-f6$ft 
0WgP£Mtc<i;L3Ci:ft<#g;L^„ CCT, IB ffi ft B UK J X /U ti , i!ui2&^tt^&© 
M-®Jft^OHijf5*SK^^^ft^mTSijISS273(pl^EB^nTfc , 3, su IS Wl ft B HX SP li , S5 50 
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[00 1 7 ] 

?cEHsn/-ca»©ffiftiHiiR>'X;u*^r5iitftia'Raj*sti:fiAaci:^»SL<. 
t5 e ® & 0 ^ & > mE&u±icB&£ ntc&j&zm&t %mfc*ttmm®L<D®&®w.y 

X;KD£8PXtt-aB*iILTIs|iKT3<: j&< SSF * . . 

[00 1 8 ] 

If] ;* ■£ 3 Bglc, |JisaaojK*fltlft/X/I/05"6^*< fcfcfflES»ft¥3&fr5llTflflE 

[00 1 9 ] 

*«BB<0S?a4Hfifi«>}B!BKJ:ntf, itu IS ft ft ffi t& SB li , itu E 19 £ ft ¥ & ft* 6 * T 5 ^ £ 
RftS£lSjlcEH*nfc«a©«tt&l&/X;l'*WL, i!UE « « X r - S>' # fu E S « * & 
16 ? ■& 3 BR «c , iaESS0iKtt$tft/X;l/0?-54>fc< fcfcfiaES(ejfc¥*fr5IITB&E 

5jarwE*«oi>»*i^KffiBr***iaiR/x;i/*atTWEatR±K»js«nfc« 20 

■ SlIlJS-rSBttfciaJBH-SCfctfffSLV. 
[ 0 0 2 0 ] 

[002 1 ] 

*»WOH 1 *JS:*SlO^SRfcJ:n«r, fu E f£ <* « 36 SB & > ttE!8IB#¥**»&tiifc«*Jfe 
{co^T©MEa««&ia;£ftK«£TS;£fa©^fcl^-fr*ft<fc t> 

[0022] 

at a * j» , fffE«Kft^*®s«ffii:fflEs«i:©isifia*d, fflEg«©»»a£*u» 

ft ^ d • v / w 
[ 0 0 2 3 ] 

o 

[ 0 0 2 4 ] 

*%m<OftM%Ufa<OJ&t&fc£tit>X* hu E $ ft & *S ^ X ;b <D W P £ M E ^ x ;n x r - £: 40 
© PI « , BaESKJtt^lRoeiRiiifcME^x^Xr-^tOHHfc^KWfc^t^ci: 
tffffL^o «^tt, il&ESttflll6/X;U0ttJnfcHfE*x/>;*f--S>fc©linPltt* SuE 
aiJft^^<Dg^Mi:tijE^x^X7 L -->*i:(DKPii , 3 , £>^:t<Tfe«J;i/>„ 

[ 0 0 2 5 ] 

a^a, ME»ftlHl«R>'X;b©APi:lWE^x/NZf--^i:OiaWtt, ME 
SKft^^O«i|s|ffii:S^iE^x/^X7 1 -i/*i:©KRIi l ^^)/J^^<rfcJ;^o 

[ 0 0 2 6 ] 
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RSLTEiJntJs!), ffi E JS ft 85 £ m E ffi # tt «& / X 4/ i: R & 1" 5 SB «• K * v> T ffl 

[ 0 0 2 7 ] 

if IB SB i #faKiiaTS5ia©**#*<«j*stiTt>.fc^o 

[ 0 0 2 8 ] 

*f8WOffaftHS60JB!»fc MEffiftlUR/ X;b«, ffiE8Ktt¥3K©S«iIK: 

RgLTEisntao, SuiagftffitHtJEfSftisiiR/x^t^Rjg-rsgp^tcfev^TSO 

IB«M<Dfflli«*§lJgtt*WLI#S 0 
[ 0 0 2 9 ] 

[ 0 0 3 0 ] 

E ffi f* ft / X ;U co t±3 P Bu E 3* IrJ ffi SB ^ 6 n T ^ 5 c i: fc? £ L v 0 

[ 0 0 3 l ] 

mmwicmv. & ^ ttimmfa x t - v ic n ft l fam * % t % mffi^ft z m m z , to 

EfS*«i(S/'X;vo(tiPSifStiaffiftis'R/X/i/OAa*'iE»iRiitRit&n , rv>5c 

[ 0 0 3 2 ] 

*JgW©#iI&l£«I©JBli8K.J:fttt\ H9EJSft«*ea5tt, iuE?£ft«*S/X;l/£LTiX 
tt«»5<JfcEM2ftfc/X>ua¥*SL, fro, ME / X;l/$ fr 5> © ® ft © tf #lt * 

<@ B'J SJ U ■? 5 k 46 © ffl m f& H £ W t T t> <fc o Ctf, iigfliiiU. flu E J X)V 3¥ 
0^yX;l/*ffiofcffift©«ie2fetff#±**/X;I/©ttT^ffjES«A^fi , fS* , S^K 

JS C T flJ fp t & <: t » * L v . 

[ 0 0 3 3 ] 

# f§ 0J1 © Sg 2 © fij ffi a , SIISO/<*->*taB^***^L,TStBti:a»HE?r*»3t 
g H K: ft »K igfli, H^fiiL^i^tSl^Xf-yi:, flu E » « 7. r - i: tc 
l8llsnSfliE»tEfcfSRttfc9L^W*©ffi**1"*¥ffitEi:, fluEIS»ft^&©*ft 
ffifcttE*«Xl*ME¥Mfc0WK:*#*{ftl&*'*«tt&*&»^ IGESIBtt^JR©* 

[ 0 0 3 4 ] 

ESffi©'>ft<fcfe-W£WS*"*«fc3k:Ell*ttT^acfctf#tL^. 

[ 0 0 3 5 ] 

*Kw©»a**aso»iBK:j:ntf» At e ¥ a s k a , ffiE¥ffifi±©fcf**R3i , *"*;fe 

*<D9ft3lP« , »lt6nTi/''*Cfc, fitf/Xtt, H(iE¥ffi«±ti:«{**«f&T5;fe*&©« 
^Ptflttentl^iliitfiifSL^o «V»tt, fluE¥ffi*lca, fllE¥ffit5±fc «ft* 
«^LRa*miE¥ffiffi±©jK«: ; Sr®;5|-rSfct6©«lESA^DlPLT^SC # £ Lv\ 

[ 0 0 3 6 ] 

# #g B£ © # il & II SE © » iUc £ n a\ S9E¥ffitS*ifEJ2»3t¥S 
[ 0 0 3 7 ] 

©*ftB5©Tlcig®)-r?)i:i:A^T-f5J:^li:<ifig^nTV^5Ci:*' ! »fLv^o 
[ 0 0 3 8 ] 

*fg^©H3©ffl!iffi«, EiiRw^^-^ifeaRjifi^ifii^uTSfitiftKLe^-rsajt 
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[ 0 0 3 9 ] 

«EfS«ft«HIiR-r4ttftlHliRSB*jgKlf*SJ: L ^ . 

[ 0 0 4 0 ] 

*f5WO»saft*fitl©3KlfiKJ:titf, M 12 $ f* HI 1R SB , bu E $ 8 84 ® t ^ tt e> n A □ 
£iILTi!uEg;i$ffiRtfiU2i$&Mffi^BU2^ 

[ 0 0 4 1 ] 

*«E©#ffl*!l«i<t>iB!RfcJ:nif, «JE«Kft¥3R*5»*3«W0 10 

- 95 T & 5 C ttfft* Ll/\ 
[ 0 0 4 2 ] 

*»MO»JiiB:IISfi©»SlKJ:ntf, * % HH O £ * S B « , M , bu E S £ X f - ~>* fll K 
liaiUfc^Hiai5*HijlE«»Miiiio*Bffl5J«:«*«ci:A^»$L^o 

[ 0 0 4 3 ] 

->* K ft IrJ L T V> 5 ffi K K 5 ft A P * 3 L T , fflESHSffiRtffflKftftttiifcffiES* 
[ 0 0 4 4 ] 

gSlc^O, LliS^Sli^f-i'i , ffiiEJ8Btt¥*tf>S» 

E 6 J£ 31 M g|3 # i: , f&Ea»ffi0JBH£Efi£ftfc«f*flt*&P*iiLTtu"Ea*lffi 
i:MIHS«ii:orai8Kli#*«l&-rs«(*«l&a5i:, ffiE6*?iB<0£Blfc:EB2?ftfciRtt 
llIiRP^iibTBul5g^ffitluI2*ffi^^rJPi*^^<*%[e]ilxr§ffi»[i]^SPi:> bu E $ 
tt«l&P&tftu , EK(*@iRffi*ft9Htf«fc3fc:EBSfts i(ES«0BH*K3J:3fcai 
tt£B5c*ttif§Cf*'fttHiLP£;£:<i*5o 
[ 0 0 4 5 ] 

*»w©»aanfl5©eii8K«tnHr, *fgfii3©»3fcSB«, iuE"fc*tHLP0»Hi*i8!> 

[ 0 0 4 6 ] 

xftwcom i - ^ 4 ©ijffiK&s^ttggii, »s^f--^*»ii**ft* , 5i}is/iiis© 

[ 0 0 4 7 ] 

# fg B£ © H 1 ~ 31 4 <D « ffi K & 3 S ft 8 B « 3: , ME?l£ft(8*n/X;l/£jILTfiuE*1£ 

a £ a k « js * n itn ft&M t tt tis? n -5 s » 

[ 0 0 4 8 ] 

B*nfcBf*#l6>'X;l'*fflLTfliE»«©Sffi±K»#*#fcLTffiES«0*ffi±fc 

bu E S t£ £ bu E 31 l £fa©£tt#fa?&5^273fafcftfroT&IllS#fctf5>> bu E S «i 
^^Ktc#oTME^MA s a^Wfcj£*^«fc3^BtE«^yX;l/^jibTBuESffioaSi 

[ 0 0 4 9 ] 

# % SJ1 © ii ft flffi <D fS tc <i: tl &\ *5SB.fl<Dggtt£i£Si, ltEi«t8»S*TV^B 



o 

[ 0 0 5 0 ] 
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*8W©»»fcllffi©JB8Bfc:J:tttf, *5EWO»3t^ffittSfc. M IS f& H © © $ £ > ME 
[ 0 0 5 1 ] 

IfftWDW, 6 © ill E « , KIK©/**-V*fi!Btt¥£*rt , bTSlKX , f-5 7 ±0a«K$9: 
BHE^-r«Btt£j£K0&!K K * ffi tt » Mf5afgft^&©ffi^ffl£iiuf3S*i:©(S^$ 

[ 0 0 5 2 ] 10 

# a be © » a * n ss © » ffi t =fc n wr . * % mi © ■ ft -ft a n > iE9iiio«K, Su 12 a 

BLI808K. i»IB**X7 l -s'±KffU^ISS*«lir*lfi*MK*trc & # £ 

[ 0 0 5 3 ] 

*f§BJf©Jg7©{l!]ffi«, 8Bft¥S*ftLT«JK0/<*->*S«fctftK"rs*ttSII? 

Jflftf*yX;l/**U, S(IE««±Kifcf**&*&1"*iRtt«*&flPfc*fil*-» hu E S « X r 
ttS!a»***ti»IB»*i:©l«»clSII*<»i««n**5fc«l««nTV^*ci:*»«i: 

[ 0 0 5 4 ] 
[ 0 0 5 5 ] 

# $s bh © m 8 © pj a « , aig}t*3R*^uTai)Ro^*->**«»ca»-r*«3tt«BT 
s;±owE»si:oiBK:*ii*»iS'r*«ii»ia»i:» we«ii»*»i=± o»**nft 30 

[ 0 0 5 6 ] 

# IS B£ © £ 9 © M ffi ti , SBft^fcfcftLTWIK© 

s;±©we*si:oiiiii«ic«[ft*«i&f*jt#«ieaBfc, MEH»fr5*tt*iiiiR-*-** 

[ 0 0 5 7 ] 

fi±KiS(*:*«l&-r*i:4:t>e, ME»*Xx-3>fcJ:')ttKS«*f*lll***Ci:fc* 

[ 0 0 5 8 ] 

# fg BJ1 © g§ l lOlili, ja»)t¥3fi*^LTJRRRO/<*->**fiKaiB-r*»)1fi»jS 
T-feoT, ME«B3fc*3fii:MEat6i:OI»H!:«il*»jaH'**l«»J*iai:» ffl E JK ffll 

[ 0 0 5 9 ] 

# #g B£ © I 2 © ffiij ffi « , ±Ef!77!jS^9©^ffi©^1 r nfrlO©gft&B£ffl^Tx 50 
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[ 0 0 6 0 ] 
[ 0 0 6 1 ] 

8 Jtt * S (^Ba?) *»6»«Sftfc}ietfHllI3fc**2E«««tt*. SB E Jt * * 2 tt * B 

*3t»*»6imt*nfc**ffl^T, u * i >i> ( n us ) i©-»*ayvh3te<*uyh* 

;n (li) 9 *B8 L T £ iax t- S> (ItSXr-^) 1 Ofi, - 73 tfflfi 73 tc n m 

fjftfti/^x £ >s ft £ a „ 

[ 0 0 6 2 ] 

U £ ;b * r - ■>* 3 £ x ;\ * x - ->* l 0<D~#7cH*|&{SB«, #S57 - 1 1 H-f 
- T if It 1 2ICtot'J7;l/^l'ACltiJn5. COttlfEl^^T, X <f - "J U tP 
111 3 (4 , Uf-^/H (l'7 t HXf-J'3) ^ ? X /n 9 (^XA^f-^ 1 0) <D {fi 
B^fe^lRlW^Jffll^tTdo 7lAXf-'7l 0tCt4, ^XM9tD±T73lRl ( $ it 73 IrI ) © 
ffi ■ ^ [h] 73 IrK M £ £ IS S , MsU^iSUB'fSBltliSBtfrtBSttTfc'K R ft B# Si 
, c©B»8BK:«fc98B3fc¥3M©BjSffiK£xM9±©BftB«tfBfcS»fifc£B 

ffl B i: IS t ) tt , ^0^©ft7*-#X^>-tf-t;:J;^Tfti»J£n. Xx-v^JMfii 

3 a $ 5 n s o 

[ 0 0 6 3 ] 

®ftSK#ft«, ^^^©S^^+V^Oft'lciaB^nTtst), BftgB#f*£&!7#< 
a^SrtOiSfilcffiftns, l/f^l/Xf--^, •7iaXt-->*i 0 > =F * It l 2£ 
0#<$B^ 1 »BU>X4*3!l')#<5fillllKtt, M K ffl 8"J ic jg S ftl £ n S P S M 

[ 0 0 6 4 ] 

eUDUBBBT'ti, & §g ft 3* ?6 4 f)XA9 tOffi|O^H5Ei/^»4Hie%?K(*T*»Sfc-rK§ 
Stt, ^x/N90±73 3b>oSKJt^^4<Djfi^^EB2nfc^*tt*&yX;l/5i:, &&ft 

[ 0 0 6 5 ] 

«T, c © % SS JB KS ^ T H j&S 2 n 3 $ « ffi K o ^ T i¥ *ffl K UJ W T 6 » B ft * £ x /n 
9*X + +>t-S73l^O±Mffl!|-p*oTa»3t^3R40ifi«K««c««S>'X;U53yEB* 
tlT^5. llT', X * -V > 7? IrI © ± m fflJ 4: , fflZ.lt > *J x * £ 6 & K A -3 T £ 
73 A (B 2 73lRl) K»ll?^«i&KOI/>TKMt4l:, ^OKJt^fa (BlTslRl) T'fe 
5 61fS5o "T fc % , 7. * + > 73 Ir] ( B 2 73 IrI ) %^We^Lfc«^K, £ EP © & £ 
OBOTSrfil (BlTslRl) ± iffi fill T' 25 5 „ «B3tt* » 4 A, / X;U 5 O S W« 

x * + >73 ftOTUl) ti , SttleliK/ X;l/ 6 tfffiB* nt^5. 

[ 0 0 6 6 ] 

ff£{*«ii&/ X/U 5 ti, 6&?'l-LTiRf*#l&gfi7fcSia£nT*$»K B « » f* 

EUR/ X;U 6 tt» IbIIRVI 7*rtLT»<*ls]iR8SB8i:a«;SnT^So ®tt#;*SgB7 
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ou&tiummmtt'Sts c t g l ^ 0 «f*niiK8B8 a, 09*1*. mux t fc${*£-B# 

S8$JII8|] 8 14 , Mtc, £ x /\ X r - iM 0 <D JI £ fit B > a fi , *P 

as, g & b > & m ft fa t ^ ? rc m n * 7. 7- - y mm & m 1 3 ^ & s # t , ctieoi 

HcI-i^T, 7$ » <D & ^ * it , j^»l?(DSiJfflIfi^*fS»«ISSfi7VSt*:[HllKgB8 
x. § o 
[ 0 0 6 7 ] 

¥*?£«£ragja0JB8r4s**r-r*<:fctfS$n*. * # W tt , (SiloiSfttLt 

tt , « * , « fll Zk » 7 >y ft ft («*tf, 7;b*n#-#>) * if IK ffl L T » If 6 n 5 

T'feSo Wiltf, SB««f**K£<Si:n*SJl5, I? IR £ *f fl £ L , ffift(C^#Rl^%^ 

?BI*flK*8ltl)l6illcl*T, *fc«f**©»##X*R»)ll***tf&iKf*8l& 
S fi 7 ic 'M % i£ $6 L T & £ ^ o flttMSBi: UTtt, 0J ;Ui\ # X ig® 14 O lit * R T T - 
£ »C « * Sit L , ^ o - y5ZM£lcLTmfo*<D®l¥i3X* : t<Dm%:ftLTm£#lc'&^ 

Wt, KaR«8lff!(flT**. 20 

[ 0 0 6 8 ] 
[ 0 0 6 9 ] 

£»(**ffi»S-s*<:i:"e» -\-ft*mm*Bi$.t% (02 (a) ) . 

[ 0 0 7 0 ] 

fttt/Xsl/ 5 * t)ttftc«r(KMbtlit^S *, 9iA90»i«H»lXBie»B 

(02 (a) ) T*BEliLf;iSI*i«n2t5i:i:4<, ^ X ^ 9 O $ IS £ H J9 L 
TSB)tfl4TIIf$l!*l< (02 (b) , (c) ) . 30 

[ 0 0 7 1 ] 

>)i a 9 tflltil Lti)tl #i fit B tc S 3 i: X 'J y h^tJ;5X + t ^DtA'PlteJti 
5 (02 (d) ) o 7>J «; H)l61>E6^Tfe, 02 (c) TO « K , lfe/X/l/5±») 
JR**«*eL«^. M K , Jg^^^^4lc5tLTX + -vy^(plS©T}5?tiJ (8 2 Tli, £ 
H ) «t«38Kta-r*«[(**0iR/X;l/6T?ISUR-r*ci:KJ:»j, *XM9i:SK}t¥3M© 

n # s £ t t ® t m tc n n s ( 0 2 ( d ) ) o 

[ 0 0 7 2 ] 

V 9 W^\c®mLTmyt&7 fiLWlc^Z t 7, V v h ftfc £ zmyttf&J ~? %> (e) 0 

X "J -v hft£<fc5Sgtttf;is!7TS «f*#l&y'X;I/ 5 5©«{*©#tt*#± L (02 

(e) ) , ^X/N9fcX**y£lRjS 5, ^x/N9±l;:8eo/c7&tt£7l£{* 40 

@lK/XA/9KJ:^T|IIlK-fS (02 (f) % 02 (g) ) o 

[ 0 0 7 3 ] 

« ± O <fc ■? , 7x/n 9 o TiSIA'lStfS «fc 3 JC, * xm 9 ft** & 

M9toiffliw*jia«ftffl[is (^«nft^ffi«) vmrc* c tw-ez Zo zlt. £©<k 

SfcEffifcifttf, & ft 3* £ 4 t^xn9 fco|III«»c/X/U*iRiltTlSIIBBltc«(*«« 
tg * 3 » » X K 2 1 12 ic £ ft fc 75 ffi tc J± "C T , tt»**3Ri:9x/Ni:o|llim^/>*^li* 
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[ 0 0 7 4 ] 

±EOJ:^*ft*0«tS*lH|iRO'>-'!r>Xtt, I * a H« « ( U * ;U « © l lal 
»B#fc:*^Tfcfcfc0#f&&tfll]K*£ffiLTfcJ:v>l/* X T y X & ®) B$ K ^ T (4 $ t* 

[ 0 0 7 5 ] 

? - ^ ) £ fc 38 ffl 1" S C # T* f 3 o C © if £ tt , H X. If > M'>3 7H«HTn 10 

orat«^*j2;ifs«fc3tcffiftomiiieRtfiHiiR*»j»-rnjf«tv^o 

[ 0 0 7 6 ] 

$ , H3~07*#J58Lfctf&iif*««&/Xrt>5 « 111 K / X;b 6 <0 R {* W * 18 fig & 
[ 0 0 7 7 ] 

fl4(D|W4s^»A,T\ ?x;n 9 cD#®j£[r] S (fil^^I 4 A^it + XS^l) 
<0±85« (eKftfl4A^lT-XS|Sl) tc$&{S*S/ X;l/ 5 t>\ TMK 

8ltf7 + tt- (fil)tgl) t- & £ H £ (i , s^^o^x/NfOX + ^y^iRi^lRl 

[ 0 0 7 8 ] 

mot-M; X)i 5 it, f©Ti (T«g) 4 <r>mmm (Tin 4 statfni: 

[ 0 0 7 9 ] 

?£ttls]i|X/X;l/6tt, fOTI (Tiffi) ^Siejtt^3R4<0«»ffi (T®) 4 s i: fif£(W] C 
ctfL ( £ £ »c (el iR T' t *v»z: t7X/N±cDfSi*«a^<fc<lflIiR-r?) 

[ 0 0 8 0 ] 

&Z L e tmVfrZtlk Q & ttfftZ ^ < * ^40I^®4 s o « t n u ft* 

fn^Ofi^cttfltcifS L^ 0 ffift|e|iR/ XjI 6 L 2 a. ${*{l&g/X/l/5<D 

jSt*(iwn©ft^L 1 tHtipthiOfefi^ctiiOfSK, &^ft^&ft**ffi4 s <d 

[ 0 0 8 1 ] 

/ xii 5 z v 9 t&&ft¥m 4 <DTffi toym<DQ?3 (mm&ffl) k«»t«« 40 

<* <D jffi » V (i , it (1) K«oTftSt5:ttfSSU\ 
[ 0 0 8 2 ] 

jifift<jgffl2n5o 

[ 0 0 8 3 ] 

££ic, ifcttflm/X/l/ 5 ft>6ffiii2llBK«*&f 5$tt©8itS V14, & & / X )l 5 © $ ft 
[ 0 0 8 4 ] 50 
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V = L 1 • w • /i • • • • St ( 2 ) 

CCf, w fi , fSftRttHPOilT'^So x£ (1) t& (2) AOS (3) tfl^nS. 
[ 0 0 8 5 ] 

fi si d • v / w • • • • it ( 3 ) 

BPS, «fc!)-|fiW»C«, X;U 5 flD«fti!tfflPK*lt5«#0¥^«tia ( BP 13 tt W P 

^ffiffiffifcfcSO&^flft*) , J5«)t*3R«»Bi4si:'>x^9i:©ia»OIIIIIHdi:'> 

[ 0 0 8 6 ] 

n%%wm*t-£tiztoi*) Ksua-r *WK:a«jt*R 4 o«»as ctb) 4 scDTicf£§i 

* + #jSfi£tf«&g****o Ut*, 0 3 C t $ $ 0>J T* & , >>x/n 9 © n M tc , tfx 
M9i:&t£|p|i;ig£©|p]E;ffi l 9*KW-«ci:K:J:'K $xr>90*m©®« 

[ 0 0 8 7 ] 

|4tt, ^<*«^/X/U5St>*^fr0iR/X;b6O«fiScSU : SBB^Mt-?>^2<DffiB)cCi>J^ 
StlfSS. 13 4 K: ^ -f IS 2 <0 |g $ #J ti , ffifl:#*&/X>l/5i:«{*IIiK/X;l/6©ntf 

3^g|5«2 0 a, 2 0 b ©I ( ^ X ^ X r - S/" X & ^ X m lc # ft ^ 5 *f Ir] ffi ) F*9 »C ift It €> 
[ 0 0 8 8 ] 

I8»a20aRtf20bOftI ( *f ft ffi ) ti , S^ft^£g$*ffi4sMS(£|B]i;^2T* 

$5. &»ft^&g*tffi4 s <D ft Ml , &fjft¥£ 4 © 01 ff © ft J§) SB i: SSt * 

i5KEI?nT^4. coi3S;a«KJ;titf, x 9 i: iK ft «f& / X A/ 5 © EE ffi J: 
©HUB, •^xM9i:?S{*|5iiRyX;l'6©)SSi:©HISS, &t>"^x/N9tS^^^^g*lffi 

[ 0 0 8 9 ] 

ffl jS * W * 5 o &tt«3&/X;U5fr5«*SSnfc$ft«> ft ft & IS / X ;U 5 M P t ft S 

Wiffltt 2 0 a ©Jgffi t V xa 9 i: IC m • LT ftB8*JB$-f 5 o C©j£Blfct, ^lA9ti 

fete, JIgcg|5»2 0 a06IKJtl/Tl«LTS* , 9ft»Bit**l«iB4 s IC ft -p T 

ffifCT.A-XtcilA-rscitJb'iT'fSo <: © £ 5 lc , JS^ft^&g^^st^ntcM 
L tc M m SB ft 2 0 a, 2 0 b tt , ^n^t^x^g fc©R0B8©«»££B5£ft#T*iStefC 
* rT fil lc T S „ 

[ 0 0 9 0 ] 

* fc , ftl!fi#K*©±ffi&tfTffitf¥ffii:£-«L&tfe>'}x;N9 fci:&K&ift-f*©T' 

%m t t © a « as a a* < , w.Kmmit. « ii- - s © i« p§ * ifi n a /-c & tc ii a g <t 
w 'P %. < wl n »c sl n # e c *> ic < < , $ n * k m is *» s§ 4 u k. < ^ , * it , c © c t a % 

[ 0 0 9 l ] 

iljftffitt 2 0 a , 2 0 b ti, fOgl (TI) tf£Kft^&4©**l® (Tffi) 4 stl 

ffl. L T V"» 5 m 0 , lllttf^ottiia, ^D'^IKT'S^TUta, ^ © {tt © 

IDt*SLTfei^. £fc»*ttWtt2 0a, 2 0 b li , 6<DjSffiRt>*/Xti 

8Kyfi¥*4©«1S©eBBfc-tt{fcLfc»#fcLT«iS*ftT*>J;^o 

[ 0 0 9 2 ] 
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t|T'£5a m 5 \Zfrst^ 3 (DMtftmit. iSft«$&/X;l/5 (5 a, 5 b) £ $ ft 0 IR y 
X)U 6 (6 a, 6b) (D^73?rJg^7¥;^m*llffi4s^^/u-eMiJtC@HEL/c^T^ 04 

[ 0 0 9 3 ] 

$ ft ffi 3£ y X ;b 5 a, 5 b(i, ffi»W^tS^)t^^4(Dg|?ffi4 s Ic £ ^ B & R ft 3* 

&4£$ty<fc?tcKB£«"U $ ft [eI iR y X ;l/ 6 a, 6 bli, fflWWt;:g^) l 6^^4<Dg*l 
14 s^6St^S< tfttotMfti&i&y Xfr 5 a , 5 bon«EEB*n5 4. 
[ 0 0 9 4 ] 

H5fcji*Tfcffl©+X;>f|&K:9x/>9tf|*loLT^*Btt, $»«*IS/Xil/5 a 5> ? X 10 
^9 tlHI4 s £ © Pile $ ft £ & ii& L , IftiJ&/X;l/5 b ttffih-TSc 

L©tt , )SfriH]iRyx;U6btc<fc»)^if©ffiftti(HiiR^n7 5o u*a*tf 5, 

-So * C T' , ifift|HllR/X;l/6b©fla, i$ftlH|iKyX;l/6a&i)ft£-&, 1 75" ft IC jffi n 5 
7&fc[I]iR-t£Ci:tcJ;i3, {*n*B&iLTS<:i:tf-e£So <D <fc 5 ft $J S 

*#it5t, KftEHRy X;Hi, 8PStt^mg*lffi4 s ©JlH*:«»>HtrJ:5fc:£HK 

X/U*fti&£-£5C£:tf!iF3:L^o 
[ 0 0 9 5 ] 

-73 > 0 5 K^ffcEfl©- X 73 |pj t -}x;n 9 tf&Sl t T ^ 3 l£ « > ±Kfctta»K, ffiftd 20 

ieyX7U5b«fc»)«ft*«*ftL, sa^sojRftoflti&ttffi-rs. cntcto. fi^ 

fttLfc^TtS, £ , SS«yX*5 a, 5b*>?>cDffii*0«*&^«D©x.?.iltT' 
, ^x/NCD^i/j73 Ir) S Ie ^ B ic fc , ifc W * $ « ft <* ■& 1* fc ( IK Si £ # St $ ■£ f tc ) 

[ 0 0 9 6 ] 

agu>xi^i4 s ©si* a R ff^T- & £> i^sa & ey*.ff, y x;ukp5t sasttfcit 

lit, $J A II 5 CD <fc ? ft M K "t 3 C i: lc £ »7 , »*ft»;X*5a, 5 b i: $ ft Is] 
IR / X ;l/ 6 a , 6b*«fc&*^ft£fiDft8lCjfi-3tt*<:J:a , "e£*. il tl K «t D , $ ft £ 

if -t fc » t i& w % &t ra ■> x cd $ a gg b * '> * < t s c t # t* t § o # e x * + - 30 

ffi 4 s £:fev>TfcX*-V'>'?3GlK:JS< ^*+>^filKi£SS , r«35lRlK:fi^BfffiJBttOJtt* 
tfffihnSo fCT\ lCJ; 3 &ft3C<D»Tffiff2tUc£fc>-tf:T\ S R ft ¥ % 4 <D g tl 85 O « 

«^x + ^>75-iR]oiii^R^^s^0ffJ«^-r5ci:^T'^5o t> s a a,, *s is ft ^ ^ <d 
m®m <d y& « « us pi e, n 5 t> 0 t it * < , is % * r ss 9 ( R ji © - a$ # ) © ^ « * z 

[ 0 0 9 7 ] 

tiznmw&ifes X))/ 5 a ~ 5 d zmv , mk, *n5©ttH*»»>H€r,}:5 tcj&ftnnR 40 

yX;l/6a~6d*»*tTV>5o H*fcfl3+Xj5f|Rj»«:*XMtf»S& , f*J:*l4, C © x 
M»«i3*riftKi3»t*±»fflllKR»J6nfcjK»«ttyX;U5 a<fcD®ft£<£*SL, £ EP - X 
7j ftic ^XMtf&i&f S ffi*«*&yX;l/5 b £ ft , £ EP + 

Y 73 |S] K ^ X v\ & IS T 5 t K « > « *S y X 7l/ 5 cfr£>j&ft£{t**SL, W - Y 73 ft tc 

[ 0 0 9 8 ] 

$ ft <D Ih| iR li , ">XM©S«l73l^K*lt5Tfltlll»!:EH*nfciKt*:|H|iRyX;l/C±oT» 

iitfiTtinsftJ!), *f % t ft % m ir y X;kd * £ ft is 2 •£ s flteK t* * o t t «k ^ o u*->l 

^A^P., K«jft4i;©^iB!lO*»KllAT, fS^lallKyXylyea-ecti, C040t^ 
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EIITU^. «ft«»yX;l/6 a~6 c*»6«»r5«*oail4, a (3) IC & 
Tft)£t nti" £ V>. W ± © <fc -3 ft $ £ tU±\ *x>N©8H673fil«, X, Y 7a ft fc M PS 
Sti-f , f4to#iR]^©&»Kfc^T&ffiM©ilt&tffirtii:ftSo 

[0099] . 

c©J:3K, &f&ft^&S#*®4 s D Hty £ 5 ft 3& © $ ft «*S / X;1/£KB M 
ic ? x & id Bf K Si > *0»tt73lRlK43»*±«[ («Btt¥3fcfr6J!,T»il73fil©fi3t«l 

X;l/*«It3f ASctlciD, ?x^©&®]7?ft&c<fc£1*S^tt^&lliS$ffi4s£"i'x/N 10 
xnffirtT©Xf-'y:/»l&*^£x/N©£li73fa*£**IKfcfe^Tfc» W fc: « fflt * jft 

C ft Kit), -ftO'JJAO[fT-13tl!i&i!p5 l 7XA4S©I)fctf^7t5S-e, 8f&ft 
^ £ It ^ ffi 4 s f)iA9 i:©Mi«KI41M3 5Ci:S<f C8iftT»/'ctci:tf 
RjffiilftSo -> 3 v Y SK»R«»lSt 4&Etf* < * t) . Mft«fl©£it1t 

[0100] 

0 T' $ 5 o C © « J« 0!l T? tt , *(*«IS/X;U5 a ~ 5 h tif*@lRy X;K a ~ 6 h *< , 20 
;H4 , $ ft [1 iR / X ;U © {IOC IE B 2 ft 6 <= c © J: ? £ , #yX;U«P3fl±eEH"r4«: 

if, >J7 X X f - 1 0 ff m J6 K & Si -f § © a </•> T fe , * © » $J 7} [Rj K *3 3 ± jSS 

KStfW(S-rsiS(*««S/X;l/^5tt(**ttiei/, '>ft < £fc£Sli73lRl"FatfcffiH-r3» 

ftaiRyxyi/j^BiKft^iaiR-rsc it, s^^sm^^x/n^©^^**-^ 

[01 01] 

09 * , ? X m £ EP T* ^ t <fc 0 + X , + Y 7b" IR) © $4 to 4 5 ' & if) f 3 if £ & » '> ft 

< fcfc7«ft«3£/X;i/5 b i: 5 c £ $ ft £ « U , '> £ < fcfc«f*HHK>'X;i/6 f i: 6 
g^6?S(*:«:iaiK-rs<J:-5lc€r/X;l/*Wffll-rntf<fcVo C©<fc5l;:> &/X;l/£nJS± 30 
IE B T £> <: ticiot^ <£ »)l6(JtK'>XM©ai«*g?ii73SiK:»ie;LT»[||*}BJS1"* 

40««ffiHcHLTKWLfcci:fcnai»c, ^ ift^ ft if © ^ S'J © * lUc fit T , [U MR 

/ X ^ 6 a~6 hflt'<T*'>ft< fcfcjR#*#*&LT^*MttraB*fcftIll*#fc73tfR 
ft©JH^*c&n**t>»*eB&±T4c:i:tf?*«o t ^ 3 «gfc©$ftd]iK/X;U 
fcEBTSttto&fc:, SBtt¥?Kg8ffi4 sOIi*»t)ltf ±5KiflCt3ftofe-o 

©?£ft[i]i&/X/U£:EBl-T£>J:^o 

[ 0 l 0 2 ] 

Cxni:lgKl/>Xl»I4 s fc©fara#$ftT*iKfi;i*ftT^ftl>#cig J *>, ffcft©ffif;: L 

75rff*^£?*j£iaKnc»tt* t #aE-rs«£K»i, cnsTaiiiLftj:?c, f x m © 9 40 
i5u>xa^®4 s i: © m m & ffi ft -p « ft s n fc ?g u , * ^^<D^m^^ncmt> & , t 

^T©ffift&S&/X;l/*>£i£ft£«S&LTt,<fcV>o <:©!§£, &*&T3j$ft©)5ft« J C[I]iR 
CfT-5J&g#ft<ft£f:to, W0SillcSt4^IBi!i , 4<S*). gftSB©£jitttffS]± 
* 'b M it V t S i: fij j£ £ S o ;: © <fc •? ft $ ft © & *S © 3?J «^ ® 7 

fig 6 ft ■$* , m 5 , HBK^t/Xil'OiflllCtaitSCfctfTt. c©**e*v*T*> 
|S!1t©^a^t9i.i: ttfT'f 5. 

[0103] 50 
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ica, iB^osftiftyx/i/KMLTfnfhs (3) *aBLTi*j£-rnifj:^o tzit 

tfff 5. c <D ii £ « , B 7 fc ^ t ffi f$. m K. 43 l/> T tt ffi ft ft ft / X A> <0 Rt fcH □ © & Vi tf® 

[0104] 

V ' £ n • D • d • u • • • • j& ( 4 ) 

[0 1 0 5] 

3t ¥ is a » ffi 4 s & tf * © ja a k & 5 ft fc & ^ X;i/ o ± # a* 6 * x ^ * x 5; 1 o £ a 

9fcttlfllT3J:?K:R»t&ftTV»5;fc«iK ±^3^6Hfc¥ffiBITttRin« ( tS ) Kio 
CO 1 0 6] 

iriAXf-y±i oici»s«nfti>x^9ici*LT¥ffifi2 l^sit^ntt^. ¥ 

ffi « 2 l fi , * © ± ffi # 9 x /\ 7. f - ^ l 0±tX^?R@*iffc«J:-3TH^^ns , i7x/N 

90±ffii:StfR!i;S«lCiS:8i3K, ffilfntl^. *SUft^&it**ffi4 stOHTlC 20 
¥ ffi IS 2 1 ^ffilLT^SISt, ^ing^^lAXT-^l 0 ± 6 [h] iR L , R tf , ? 
x m 9 * £ x m ;* r - SM OitliriCtilCTtSiaic, *H^OxmJR2!SI1 

[0107] 

l> T § SB © m Wi * X § li ic ^ L T V> & o 
[0 1 0 8] 

B)fc*tt, £>Blc£ X;l/ 5 «fc K> ifttfftttih, ffiftlsJiR/ X;P 6 lc £ 9 

ffift^HHTC^ftoo, >>xa9 taB3t*»I»B4 sfc©MHtfiK<*Tliffc:iR;fc£ftfc 
#»K«#Sft* (09 (a) ) o -ttO^iASKWti-lORJtffftTl/ftftjfiT 30 

, ^x^QKBHa-TSTIiffiz i^tft»3t¥3R«»E4 sOitTlcfiifi-rs.fcdte^xM 
X r - 0 * & ffi] f S (09 (b) ) o ^ia7t-->*1 0*»S&"r5P5»«:fi«[ft«ie 
7Xil/5it)»ft*«ISU «f*EHRyX;l'6J:»)«#*iaiRL«tt«ci:K:J:»?, Vffi 

& 2 lfffi^I¥II^S4 sOTCllfiLftlititt^Tt, !S^)t?SI^I4 s <D 
T « ^ £ ffi ft T* ffi ft: £ ft T S . * fc , ilflSl^llfLoo^iAXf-^l 0 ± £ «ft 
i@£?tlT^Sl)t^»«)^iA9?; l )iAXf-->'l OiO^H^fD^x/MRSflgptc 

hi is fa- Mtc, 8tli^xa9' S!)iaxt-s'i o±tc«cBb, es^ss^-ti-s ( 

B9 (c) ) , 
[0109] 

HT, ffift«*S/ X;b 5 £ ffift£«ii& L, ffi ft 0 HX V X ;U 6 J: o T ffi ft £ @ iR L % 40 
A15^IA7f-^l 0 * & ®J L , 8M^£ft*lffi4 s©Tfc«K}R#*«feL«lt* 

#6, ^xm9' *S»3te£3R*s|*ffi4 s OUT (09 (d) ) . 

[01 10] 

z.<D£o\z, §iftS$7m£fc^Tkffift©«^£EiK£^tt&tf£ ;i Pffi«2 1 %S)tfiil 

£ffift<D[e]iKlMf*-t3Ci:&<, ^ x ^ © £ $ £ X A - X £ ?t 5 t # T* t 3 ft J6 , IS 
)ttSSIH©4ffitt*l«0±*^*«:i:tfT?*4. M K , tg|&ft#&«*Sffi4 sB^iaOSU 
K M £ -f #lc ffi ft T* ffi ft 2 ft S fc & , WBgfflftKaSfta^tttotfBSWKftRtt* 
£ ffi i&S ffi 4 sfcttftSCfctffci^o «fl5i:ajRi:0»*Bl»* , a'MaKffliA6n* 

fcto, ffift^ic^tJii^ns^^^oa^a^Rstw^siit^T-tSo Lfc^ot, * so 
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t&Wnic <fc 5ft^ft^»*SBii 4 s OIO *Wm? S C £WT- t 5 . 
[01 1 1 ] 

iSSlC, ^x/NSS»ODaKffi(**|HliRU/£«^»Ctt, &^ft¥£«fifffi4 s©3tffi«, — 8$ 

w t $ m # ft ^tc « m k. m *» n s . ii*(^insi 

[0112] 

Sfc, 09 (b) , (c) ic & t & 5 K. , £xm*t-^1 OiOiA^SiLT^S 

g^tcti, J£^ft^&g$lffi4 s i:¥ffi«2 1 tOlfflfc«fl|3a<»lf«nTl'»5««lKftr3 10 
T V 5 . C © « tu $ T* % K tt ^ x ^ ± tc £ Tff S tl fc £ ft Sfl S ffi K. S b T flt ft ft * £ X 

^ c i: \c a 5 o & ft ffl ft ft ft z n ?> s# k a £ n '> * a* n $ ft m t # * n x ^ ft $ # & 

LI io 
[0113] 

is ft it ft © ® m « c <d a x « st w $ «■ a ^ £ » * ft fc « is t * o x ^ § it #> , & © 

ft ft Iffl tt flj S T* « 81 * *r Li^ttttfc + tflcllft Lfc#a<J:v>. Sfcfcttfttf, /u 

/g^WftjcioTSiitfiojaia^^sfkLTiiJtaiwiiejRiew*^*, » « ^ 5 y * o 

t|*fc£ftftgfi©£l^*JIfcS^S^*£tf£bS^tgtttf;fc5o JE K , 8 & A, /£ 

»tt&^*ttfttf»ttttfc:<fcoT{k¥E(5*3i*ie<: l , *n^ftK)t*3R«»ffio» 

T ^ A 5 o 
[01 1 4 ] 

iKtt#t&/x>i/5fr5»*r*fb^«ft#«t&2ft, «ft@jRyx7i/6*>6»A-fiHiiR« 

ftTl/>5tt!ffi-Cfcttl£, B M # il ^ t b T & , ~JClSllttifLV'»**Tli**tl*C 
£ K & § „ L fc ft r> X , ^ X m 9 ± & 5 ^ fi ¥ ffi Wl 2 1 ± IC 33 V T , /X;V5, 6 K £ & 

fc, #f&Rtf isliKOiffiftfcftttltft K** < b, SftEHSC7C(0M«KH-r <: i: <fc 0 , 

A9Stf¥H2 l £5>tC}ffiS©gSlKJ5bT£xM9;&tf¥ffif£2 1© 

eifts^fttfeiSftoiRis • ia ir * tf a if , liwcai^iitsatfft^of 

5 «t v^o 

[01 1 5 ] 

c<o i z o *fc&m.mtmwfam<o®'U.*^ a -v hM^ft^nssbrtxtv^b, ^ x « 

b*^b, ffiffl-rS^ft^J^^H^-pTtilgft^bTV^V^ffiT'tT^h^XA^ 
[01 16] 

. 08<D<fc5lc¥ffiJ£2 1 <Dtfi^*if©ji«I^{itHtC^*©3lP2 2*Sinf)il\ il 
O K 31 □ 2 2lctt^0^(D^3l4-°>'7 p ^>' , J>'^"-^i:O®3lgB^Si^^nT33i9, a 

ft^SftsiasirsciitfTf s. ep^> igiotc^-r.t^ic, ja^ft^i^a*iffi4sii 

Tt¥B5«2i««aS0ii$tifc«!l8l', »5lP2 2^5«fr*lHliR-rSi:lRl«fC, « It 

6 / 5 €» fit *6 * n 3 $ ft <D it S £ '> & < 4: fe K 31 □ 2 2^P>©3l^n5Si:[slbjJS 

;U 6 15 fa ) T*ti&<*5*i<Di&3ln2 2tC|q]^9Sitn*JfO<li:^a!3, ¥ffi2 1 » ± b 50 
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Ti^sttfsicfc^Tfc, c <d m m * n k %\ l ^ ® ft x m & l m v % c t # x 1 5 (01 0 

(b), 010(c)). 
[01 17] 

M±©<fc3*«J«fcJ:D, 8Bft¥fcB«ffiTfc*tt*»ft0BiliaBffJRB«fclRl±'r 
So $ ft , «Si<D»^:©fe«!S}t»|±Ttt*<X-ryUXM J «»7-yj|{ajfli^O{t^WK^ 

, n * k m a o n ^ $ ft 7- ja » ft ¥ & a & ® © t © n hi * m ft ? c t w r* t 5 . t ft # ^ 

[0118] 10 

©-?«:&<, -fe©?XM©-jl©gSft->-'!r;/XP| : >l;:i3^T , t>, /ESH-^WtCjfcJfre 
[01 19] 

0 9, 0 1 0 fc ^ -f 1S M T* & , £ x /n X r - V ± K ¥ SB * 2 1 £ » , ^XA^f-i/" 
£^0^©?x/\j«&gBfc©iaT?XM;£§ttiffiL-t;5Eg£, &fgft¥^g#?rB4 si 

T £ ¥ BB ffi 2 1 tfttltS. L L fc # 6 , ¥ ® 1£ 2 Hi, W it If » BftfufcHSg-fS^ 

®*<d*7 7 1 is zmmmt &ztiLW'&t>-&itmTm*ft ! j®% 2. Bfttf&fc&gfcs 

© II T fit B r « J: -5 K W $ * ti T fc «fc ^ . CCf, B Ik © * x /•» X r - V & fi £ *5 ^ T 20 
J8Kft3*3Sfi*Sffi0*TK:¥ffi«2 l\>K5lP2 2*^S*if^{i, *SSi©¥ffi1£ J S>i|&3l 
P^'i'XAXr-y'ilclf LTt 3/i/> 03T*j*Lft|5|ffiffil9©<i:-5£, 

V i^SSD Ht? <fc 3 lc¥rB«£gcBLT <fc < , «iO¥B5fik:ffiaoK3lP*ftBXS% 
fT5R©SI&)t**»*ffi©ffiBfc£fctfTRttTfc«k^o 

[0 1 2 0] 

09, 0 1 OTIi, ¥ ffl ffi 2 1 AWx;\Xf-^ 1 OiCEf SnTV^tf, ¥ 0 ^ © 9 

fflwgEi&gBSrlSttT, ¥ ffi 2 i £ x m x -r - >M 0frS-tei:LT&l&T*t3«fc'3f;: 
ULTti^, ft f£ L , C © 1 ft « , ¥ ffi IS 2 l fi , £ x /\ X r - 5> 1 0 ± K e& * m £ 
?nft'i'x>'Ni:coMtc^:t*HRS^}Bfig$n*V'>i:3^igij5ns^tTfe5o 0(1 A tf"> 

09 (a) 5 (b) © ffiUC ft "T 3 Eg ^ , 09 ( c ) 6 (d) ©ttBfc^fT-TSB 30 
icti, •JxnXf-^ 1 0 t¥Ii2 1 tt, 5vMcK&T3{4BM£{$-3<fc9K:38iL 

fc-}XMi;¥®1S2 l i:Olffll«^S!B3t*3S«»anOBT*jiffl - r*Htt, ¥ ffi *S 2 1© 

[0121] 

S:Bft3*3fcB»BBi:¥ffiffi2 1 fc©MKBB*£»£-efc&«, ¥ ffi 1£ 2 l K o V» T tt * 
© ft B £ *t & L , ^iA^f-i'*l Oto^TttfOttlSttllcSMb, l*OlS«: 
ttft'f Jo c©<fc-5C¥ffi*52 0fre>ffiiLT&®j;£-ti-3 
BB^KltSilttiO, •> X /\ X x - ->* 1 0 ftmftMfttDM* © ft i£ © ft «> £ & ffl 2 ft 
T ^ <& B$ (W E IS f 'J ffl Lt, ftBft£»g»iii©TfcB#?Bft LScttS C i: T*5fU 40 

, ¥ffi***S<Uft!>-rs&Btfft<aS©?, B ft S B £ 'MHt T 3 C ttfXZ 5 0 
[0 1 2 2] 

¥ ffi £ 2 i © 31 a * © Br e b ft ft © a # ^ * it m t s ft 46 <o pi a a 7 -t > it ^ > b ft ft 

C t&<&&ft^m«3§ffiT£®ft;£«ftL^ttft3;g:T*, lip t>li!fitt« i Btf B i;« 
»«8Tia A 7 ^ JS6 W BS a * It iffJ I" « C t ^T-t So iimcJ:*), IftglOiftt?: 

, ¥ rS S « * x /n x r - *J £ it ® 53U »c ^Sfi T- 1 S c i: A< * jltt © T- » $ L s fi S 

b ft is b © if £■ fe ^ x « , jt s b# © a b b a a 7 * it m x z z & x- m a a 5 -t > -9- * ¥ 50 
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[0 1 2 3] 

k?ip2 2 *> & atft^ttft^easi-r amf££fflt/> s c a k * »? , si&ft¥£gM4 s ^ 

[0124] 

tO»K» JSK U > XgiH® 4 s ©fl-JS *Htr <fc v IcmWZ ntzmWi&l&S X/l/ 5 ©tttf 4> 
SOITK, ®3lP2 2tf<fiB^3£3E¥ffi1£2i;&&i!]2-£3o £ © tt IR E ^ T , 

»#«i&>'X;u5o^jaA^e.«ft* j Pffi«2 1 ± e « 1 3 (01 1 (a) ) „ 

[0125] 

«»sfift»#ii, a»u>x«»as4 s%^ty¥ff¥ss cmm®tt) 2 0 1 2 1 

© IH E , tf*»ca(*g*5atfeS*> jBEft«»/X;l/50ffiBKtiet>THtt«VMiaRttK 
jS St f * JB J« f * o £ © t $ tt ft * & *S b tt /"£ tt T* tt , SKfOrtfflfcjKttgtflti; 

a»6nT^*fci6, « * g a * e gf m * n ft ^ . l it # ■» t , ta » u > x* » ® 4 s © 

[0 1 2 6] 

?lT, ttft(Kt&/X;I/5fr5ttft*J«tt«^tt«lttfc*»ffi4 sT©«SMfc#l&l/fc# 

2£jILTMftg£eS:3|-t£o C©»5lK,J:oTS[ftg©J£?Ji4fl.S&«lfc© 
E^OtftEEft^, jtlt^lSStlTV^jllEtt, COli^tioT, ^^A^e. 
© §1 P 2 2 IC A *» $ tl &m * , tt H ft ft 31 P 2 2 E IrI -3 T it * *> E £ # 9 «> 5 (0 1 
1 (b) ) „ ME, «3lP2 2*fflLT!ft3l*ffitt*i:, ttft 31 P2 2£jILT® 31 
snttasSEtt. 4 s i:¥ffiffi2 l on ©PfSfStt, «*gC4^I 

n v m rc t n s (01 i ( c ) ) o 

[0127] 

JK E , »9lP2 2*»6©iRgi*ff±'r*. ft 31 * it t fc K tt T I* , ^i^Xf-^l 0 
A^ff±LTV''SB8ttffi(*«ie>'X;l/5^60jKft:0«l&*fP±UTt)«J:V''o t L ft 6 

, tt ft # » it t « m v tt , jiH««*«jffTs«ft^*tt»#*&*i"ttft© i f'EBi!)a. 
snr^So *©£«>, %m ^^«»oiStfK < ft o , 5B&Lfc«Mtf»jfc4a:ffc«Jt 

oTJS8)£¥JKgKItfloft5t5^*^ffSi;o 5. C © * * * jS tt S 16 E , 
nAXf-^l 0;&<f?±LT^*IWfclfc*tfttft*#ieL8ltt, CO«**tt»LT^ 
£> W tt , '> ft < fcfcttftl!|JR/X;l'6fc«fc9ttft*igiKrscfctf#$l/V^ 
[0128] 

m\ 1 (a) ~ (c) ©Htt, 01R / X/I/ 6 tt f?± L T *5 ^ T £ l^tf^ jSifi-f^fg 

Wftttft#t&a©£Kift2fcJ: 9 ft tt ft # ?R ft 3 © £ <* ft *6 E tt , f» E tt ft 0 IR 
yX;l/6tt«!lB«-a-T*< c 87 £ b^o 

[0129] 

5 E £ x m x f- - 2 1 £ & i& £ •£ 6 (01 1 (d) ) 0 
[0130] 

il©<i:5E, eR3lE<fcD, JHJtt«VM*ailttE#jaattfcfc§t***K:fifroTJ«**-eft 

*lRl±*-e*SIjfi3a , *«. * fc , £ © 3f & E <fc tl tt , X f - *J © » ift * 6 T' & 5 tz &b , 
«tt)IH!lP»©**^aBJt*3S«:»fflbfe«^ftiJ, &E*fftffi«©ttffll ; £:£$T££ 

[0131] 

6 3 A, , BR3lP2 2*ffl^£iii:E t }:'3, Sffi?©lE|iK*jBa£fT3<:i:feT*S. EH * 
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(54) Title of the invention: Exposure apparatus and exposure method 



(57) Abstract 

Purpose: To provide an exposure apparatus and an exposure method to reliably fill 
with a liquid a gap between a final surface of a projection optical system and a 
substrate in an exposure apparatus to which immersion is applied. 
Configuration : An exposure apparatus includes a liquid supply nozzle 5 arranged in a 
first direction seen from a perimeter of a projection optical system 4 and the 
projection optical system. When a substrate stage 10 moves a substrate 9 in a second 
direction opposite to the first direction, the liquid supply nozzle 5 supplies a liquid to 
the surface of the substrate 9 to form a liquid film f on the substrate. The liquid 
supply nozzle 5 continuously supplies a liquid to the surface of the substrate 9 so as to 
continuously spread the liquid film f in accordance with movement of the substrate 9. 
[Selected drawing] Fig. 2 
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Scope of Patent Claims 
Claim 1 

An exposure apparatus which projects and transfers a pattern on a master to a 
substrate through a projection optical system, the apparatus comprising: 

a substrate stage which holds and moves the substrate; and 

a liquid supply unit which has a supply nozzle and supplies a liquid to a 
surface of the substrate to form a liquid film on the surface, 

wherein the liquid supply nozzle is arranged in a first direction seen from a 
perimeter of the projection optical system and the projection optical system and the 
liquid supply unit continuously supplies a liquid to the surface of the substrate through 
the liquid supply nozzle so as to continuously spread the liquid film in accordance 
with movement of the substrate when the substrate stage moves the substrate in a 
second direction opposite to the first direction. 
Claim 2 

The apparatus according to claim 1, wherein the liquid supply unit 
continuously supplies a liquid to the surface of the substrate through the liquid supply 
nozzle in accordance with movement of the substrate such that the liquid flows into a 
gap between a final surface of the projection optical system and the surface to fill the 
gap with the liquid. 
Claim 3 

The apparatus according to claim 1 or 2, further comprising a liquid recovery 
unit which has a liquid recovery nozzle, wherein the liquid recovery nozzle is 
arranged in the second direction seen from the outside of the projection optical system 
and the projection optical system, and the liquid recovery unit recovers a liquid of the 
liquid film spread in accordance with movement of the substrate through the liquid 
recovery nozzle. 
Claim 4 

The apparatus according to claim 1 or 2, further comprising a liquid recovery 
unit which has a plurality of liquid recovery nozzles arranged to surround the 
projection optical system, wherein the liquid recovery unit recovers the liquid of the 
liquid film formed on the substrate through a part of or all the liquid recovery nozzles. 
Claim 5 

The apparatus according to claim 1 or 2, wherein the liquid supply unit has a 
plurality of liquid supply nozzles arranged in a different direction to each other seen 
from the projection optical system, and when the substrate stage moves the substrate, 
supplies liquid to the surface of the substrate through at least one of the plurality of 
liquid supply nozzles positioned in a direction opposite to a moving direction of the 
substrate seen from the projection optical system. 
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Claim 6 

The apparatus according to claim 4, wherein the liquid supply unit has a 
plurality of liquid supply nozzles arranged in a different direction to each other seen 
from the projection optical system, and when the substrate stage moves the substrate, 
supplies a liquid to the surface of the substrate through at least one of the plurality of 
liquid supply nozzles positioned in a direction opposite to the moving direction of the 
substrate seen from the projection optical system, and the liquid recovery unit 
recovers the liquid of the liquid film formed on the substrate through at least one of 
the plurality of liquid recovery nozzles positioned in the moving direction of the 
substrate seen from the projection optical system. 
Claim 7 

The apparatus according to claim 4 or 6, wherein the plurality of liquid 
recovery nozzles is arranged outside the plurality of liquid supply nozzles. 
Claim 8 

The apparatus according to any one of claims 1 to 7, wherein the liquid supply 
unit supplies a liquid to the surface of the substrate with a width not less than that of 
exposure light from the projection optical system in a direction perpendicular to the 
moving direction of the substrate. 
Claim 9 

The apparatus according to any one of claims 1 to 8, wherein the liquid supply 
unit controls the liquid supply so as to satisfy: 
(ji>dv/w 

where is a mean flow velocity of the liquid at an outlet port of the liquid 
supply nozzle, d is an interval between the final surface of the projection optical 
system and the substrate, v is a moving velocity of the substrate, and w is a width of 
the outlet port of the liquid supply nozzle along a moving direction of the substrate. 
Claim 10 

The apparatus according to any one of claims 1 to 8, wherein the liquid supply 
unit controls a liquid flow rate supplying a liquid to the substrate through the liquid 
supply nozzle based on a moving velocity of the substrate. 
Claim 1 1 

The apparatus according to any one of claims 1 to 10, wherein an interval 
between the outlet port of the liquid supply nozzle and the wafer stage is substantially 
equal to an interval between the final surface of the projection optical system and the 
wafer stage. 
Claim 12 

The apparatus according to any one of claims 1 to 10, wherein an interval 
between the outlet port of the liquid supply nozzle and the wafer stage is larger than 
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an interval between the final surface of the projection optical system and the wafer 

stage. 

Claim 13 

The apparatus according to claim 3 or 4, wherein an interval between an inlet 
port of the liquid recovery nozzle and the wafer stage is substantially equal to an 
interval between the final surface of the projection optical system and the wafer stage. 
Claim 14 

The apparatus according to claim 3 or 4, wherein an interval between the inlet 
port of the liquid recovery nozzle and the wafer stage is less than an interval between 
the final surface of the projection optical system and the wafer stage. 
Claim 15 

The apparatus according to any one of claims 1 to 14, wherein an end portion 
of the final surface of the projection optical system which is adjacent to the liquid 
supply nozzle is linear at a place where a final surface is adjacent to the liquid supply 
nozzle. 
Claim 16 

The apparatus according to any one of claims 1 to 14, wherein a length of the 
final surface of the projection optical system in a direction perpendicular to the first 
direction is longer than a length of the final surface of the projection optical system in 
the first direction. 
Claim 17 

The apparatus according to claim 3 or 4, wherein an end portion of the final 
surface of the projection optical system which is adjacent to the liquid recovery nozzle 
is linear at a place where a final surface is adjacent to the liquid recovery nozzle. 
Claim 18 

The apparatus according to any one of claims 1 to 17, wherein the final surface 
of the projection optical system has a rectangular shape. 
Claim 19 

The apparatus according to any one of claims 1 to 18, further comprising a 
contiguous member which continuously extends from the final surface of the 
projection optical system and has a surface opposing the substrate stage, wherein the 
outlet port of the liquid supply nozzle is arranged in the opposing surface. 
Claim 20 

The apparatus according to claim 3 or 4, further comprising a contiguous 
member which continuously extends from the final surface of the projection optical 
system and has a surface opposing the substrate stage, wherein the outlet port of the 
liquid supply nozzle and the inlet port of the liquid recovery nozzle are arranged in the 
opposing surface. 
Claim 21 
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The apparatus according to any one of claims 1 or 20, wherein the liquid 
supply unit has a nozzle group arranged in one line or in a plurality of lines as liquid 
supply nozzles and has an on-off unit for independently controlling supply and stop of 
the liquid from the nozzle group. 
Claim 22 

The apparatus according to claim 21, wherein the on-off unit controls supply 
and stop of the liquid using each nozzle of the nozzle group depending on presence of 
the substrate immediately below each nozzle. 
Claim 23 

An exposure apparatus which projects and transfers a pattern on a master to a 
substrate through a projection optical system, the apparatus comprising: 

a substrate stage which holds and moves the substrate; 

a flat plate which has a height substantially equal to the height of the substrate 
on the substrate stage; 

a liquid supply unit which supplies a liquid to between the final surface of the 
projection optical system and the substrate or the flat plate; and 

a liquid recovery unit which recovers a liquid from between the final surface 
of the projection optical system and the substrate or the flat plate. 
Claim 24 

The apparatus according to claim 23, wherein the flat plate is adjacent to at 
least a part of the substrate on the substrate stage. 
Claim 25 

The apparatus according to claim 23 or 24, wherein the flat plate has a suction 
port to suck a liquid on the flat plate. 
Claim 26 

The apparatus according to claim 23 or 24, wherein the flat plate has a liquid 
supply port to supply a liquid to the flat plate. 
Claim 27 

The apparatus according to claim 23 or 24, wherein the flat plate has an open 
flow path to supply or suck a liquid on the flat plate. 
Claim 28 

The apparatus according to any one of claims 23 to 27, further comprising a 
driving mechanism to move the flat plate below the final surface of the projection 
optical system. 
Claim 29 

The apparatus according to any one of claims 23 to 27, wherein the substrate 
stage drives the flat plate to below the final surface of the projection optical system. 
Claim 30 
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An exposure apparatus which projects and transfers a pattern on a master to a 
substrate through a projection optical system, the apparatus comprising: 

a substrate stage which holds and moves the substrate; 

a contiguous member which has liquid contact surface continuously extended 
from the final surface of the projection optical system; and 

a liquid supply unit which supplies a liquid to between the final surface and 
the liquid contact surface and the substrate through an outlet port on the liquid contact 
surface. 
Claim 31 

The apparatus according to claim 30, further comprising a liquid recovery unit 
which recovers a liquid between the final surface and the liquid contact surface and 
the substrate. 
Claim 32 

The apparatus according to claim 30, wherein the liquid recovery unit recovers 
a liquid between the final surface and the liquid contact surface and the substrate 
through an inlet port on the liquid contact surface. 
Claim 33 

The apparatus according to any one of claims 30 to 32, wherein the contiguous 
member is a part of a lens barrel which supports the projection optical system. 
Claim 34 

The apparatus according to claim 30, further comprising a projecting portion 
projecting to a side of the substrate stage in an end portion of the liquid contact 
surface. 
Claim 35 

The apparatus according to claim 34, further comprising a liquid recovery unit 
which recovers a liquid between the final surface and the liquid contact surface and 
the substrate through an inlet port on a surface of which the projecting portion faces 
the substrate stage. 
Claim 36 

An exposure apparatus which projects and transfers a pattern on a master to a 
substrate through a projection optical system, the apparatus comprising: 

a substrate stage which holds and moves the substrate; 

a contiguous member which has a liquid contact surface continuously 
extended from the final surface of the projection optical system; 

a liquid supply unit which supplies a liquid to a gap between the final surface 
and the substrate through a liquid supply port around the final surface; 

a liquid recovery unit which recovers a liquid from a gap between the final 
surface and the substrate through a liquid recovery port around the final surface; and 
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a gas outlet port which is arranged to surround the liquid supply port and the 
liquid recovery unit and discharges a gas so as to cover around the substrate. 
Claim 37 

The apparatus according to claim 36, further comprising a gas recovery port 
which surrounds the gas outlet port and recovers a gas discharged from the gas outlet 
port. 

Claim 38 

The apparatus according to any one of claims 1 to 37, wherein the apparatus is 
a scanning exposure apparatus which transfers the pattern on the master to the 
substrate while the substrate stage moves. 
Claim 39 

The apparatus according to any one of claims 1 to 37, wherein a liquid supply 
operation starts through the liquid supply nozzle when the substrate moves to switch 
shot regions. 
Claim 40 

An exposure method of projecting and transferring a pattern on a master to a 
substrate through a projection optical system, the method comprising the step of: 

forming a liquid film on a surface of the substrate by a liquid supply nozzle 
arranged in a first direction supplying a liquid to a surface of the substrate seen from a 
perimeter of the projection optical system and the projection optical system and 
supplying the liquid continuously to the surface of the substrate through the liquid 
supply nozzle so as to spread the liquid film continuously in accordance with 
movement of the substrate while the substrate moves in a second direction opposite to 
the first direction. 
Claim 41 

The method according to claim 40, wherein the pattern on the master is 
transferred to the substrate by slit light while the substrate moves. 
Claim 42 

The method according to claim 40, wherein the liquid film is formed before 
the pattern on the master is transferred to the substrate or while the pattern on the 
master is transferred to the substrate many times. 
Claim 43 

An exposure method of projecting and transferring a pattern on a master to a 
substrate through a projection optical system, the method comprising the steps of: 

transferring the pattern on the master to the substrate in a state in which a gap 
between a final surface of the projection optical system and the substrate is filled with 
a liquid; and 

moving a flat plate below the final surface in a state in which a liquid is filled 
below the final surface of the projection optical system. 
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Claim 44 

The method according to claim 43, further comprising the step of removing 
the substrate from the substrate stage in a state in which the flat plate is positioned 
below the final surface of the projection optical system after thfe step of moving. 
Claim 45 

The method according to claim 44, further comprising the step of placing a 
new substrate on the substrate stage after the step of removing. 
Claim 46 

An exposure apparatus which projects a pattern on a master to a substrate 
through a projection optical system, the apparatus comprising: 

a substrate stage which holds and moves the substrate; and 

a liquid supply unit which supplies a liquid to the substrate with nozzles facing 
the substrate on the substrate stage, 

wherein a liquid film is formed between the projection optical system and the 
substrate by moving the substrate by the substrate stage and supplying liquid to the 
substrate by the liquid supply unit. 
Claim 47 

The apparatus according to claim 46, further comprising an opposing member 
facing the substrate so as to form a substantially uniform liquid film of a liquid from 
the liquid supply unit. 
Claim 48 

An exposure apparatus which projects a pattern on a master to a substrate 
through a projection optical system, the apparatus comprising: 

a substrate stage which holds and moves the substrate; 

a liquid film forming unit which forms a liquid film between the projection 
optical system and the substrate on the substrate stage; and 

a flat plate which supports the liquid film by the liquid film forming unit 
instead of the substrate. 
Claim 49 

An exposure apparatus which projects a pattern on a master to a substrate 
through a projection optical system, the apparatus comprising: 

a substrate stage which holds and moves the substrate; 

a liquid supply unit which supplies a liquid to a gap between the projection 
optical system and the substrate on the substrate stage; 

a liquid recovery unit which recovers a liquid from the gap; and 

a gas outlet unit which discharges a gas to the substrate so as to surround the 

gap. 

Claim 50 
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An exposure method of projecting a pattern on a master through a projection 
optical system, the method comprising the step of: 

supplying a liquid to the substrate by a liquid supply unit which has nozzles 
facing the substrate on the substrate stage and forming a liquid film between the 
projection optical system and the substrate by moving the substrate by the substrate 
stage. 
Claim 51 

An exposure method of projecting a pattern on a master through a projection 
optical system, the method comprising the steps of: 

forming a liquid film between the projection optical system and the substrate; 

and 

replacing the substrate with a flat plate while holding the liquid film formed in 
the forming step. 
Claim 52 

A device manufacturing method comprising the step of: 
manufacturing a device using the exposure apparatus according to any one of 
claims 46 to 49. 

Detailed Description of the Invention 
Industrial Field of Utilization 
[0001] 

The present invention relates to an exposure apparatus and an exposure 
method for transferring a pattern on a master to a substrate coated with a 
photosensitive agent in manufacturing a device such as a semiconductor device, liquid 
crystal display device, or the like and, particularly, to an exposure apparatus and an 
exposure method using immersion. 

Prior Art 
[0002] 

The manufacturing process of a semiconductor device with a submicroscopic 
pattern such as an LSI, VLSI, or the like employs a reduction projection exposure 
apparatus which reduces and projects a pattern formed on a mask and transfers it onto 
a substrate coated with a photosensitive agent. Along with an increase in integration 
degree of semiconductor devices, finer patterns have been demanded. Concurrently 
with development of resist processes, measures have been taken against exposure 
apparatuses for miniaturizing patterns. 
[0003] 
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To improve the resolution of an exposure apparatus, a method of shortening 
the exposure wavelength or a method of increasing the numerical aperture (NA) of the 
projection optical system is generally employed. 
[0004] 

As for the exposure wavelength, a KrF excimer laser with an oscillation 
wavelength of 365-nm i-line to recently around 248 nm has been used, and an ArF 
excimer laser with an oscillation wavelength around 193 nm has been developed. A 
fluorine (F2) excimer laser with an oscillation wavelength around 157 nm is also 
under development. 
[0005] 

As another technique for increasing the resolution, a projection exposure 
method using immersion is receiving attention. Conventionally, the space between 
the final surface of a projection optical system and a surface of a substrate (e.g., a 
wafer) to be exposed is filled with a gas. Immersion performs projection exposure by 
filling this space with a liquid. For example, assume that pure water (whose refractive 
index is 1 .33) is to be provided to the space between a projection optical system and a 
wafer, as the liquid, and the maximum incident angle of light beams which form an 
image on the wafer in immersion is equal to that in a conventional method. In this 
case, the resolution in immersion becomes 1.33 times higher than that in the 
conventional method even when a light source having the same wavelength is used in 
each method. This is equivalent to an increase in NA of the projection optical system 
in the conventional method by a factor of 1.33. Immersion makes it possible to obtain 
a resolution whose NA is 1 or more, which cannot be attained by the conventional 
method. 
[0006] 

To fill the space between the final surface of a projection optical system and a 
wafer surface with liquid, mainly two types of methods have been proposed. 
[0007] 

One of them is a method of placing the final surface of the projection optical 
system and the entire wafer in a liquid tank. Patent Document 1 discloses an exposure 
apparatus using this method. 
[0008] 

The other is a method of supplying a liquid only to the space between the 
projection optical system and the wafer surface, i.e., a local fill method. Patent 
Document 2 discloses an exposure apparatus using this method. 
[0009] 

[Patent Document] JP-A-06- 124873 
[Patent Document] WO99/49504 
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Problems to Be Solved bv the Invention 
[0010] 

In the method disclosed in Patent Document 1, a liquid may splash about when 
a wafer moves at high velocity, and equipment is required to recover such splashes. 
Also, micro-bubbles caused by the wavy liquid surface may adversely affect the 
imaging performance. In addition, this method may increase the complexity and size 
of the apparatus. 
[0011] 

In the method disclosed in Patent Document 2, assume that the gap between a 
wafer and a projection optical system is small. In this case, even when a nozzle is 
directed toward the gap, and a liquid is supplied to the gap, the liquid discharged from 
the nozzle does not easily flow into the gap, and a gas remains in the gap. For this 
reason, satisfactory immersion cannot be performed. The liquid having failed to 
easily flow into the gap collides with the perimeter of a projection lens and escapes 
externally. Equipment for recovering the liquid needs to be provided around the 
perimeter, and the size of the exposure apparatus increases. Even if a liquid can be 
supplied into the small gap, since the flow resistance inside the gap is larger than that 
outside the gap, the flow velocity of the liquid discharged from the nozzle is much 
higher than that in the gap. For this reason, the flow velocity of the liquid changes 
excessively at the tip of the nozzle or at a portion where the liquid collides with the 
perimeter of the projection lens, the flow is greatly disturbed, and air bubbles may be 
generated. These air bubbles may enter the gap between the projection lens and the 
wafer, may prevent transmission of light, and may adversely affect the imaging 
performance of the exposure apparatus. 
[0012] 

In the method disclosed in Patent Document 2, a liquid supplied onto the 
wafer needs to be recovered at least every wafer replacement, and the productivity of 
the apparatus has to be sacrificed to recover the liquid. Recovery of a liquid on the 
wafer means recovering a liquid filled under the lower surface of the projection lens. 
For this reason, a part of the lower surface of the projection lens can get wet with 
liquid drops at least every wafer replacement, another part can be coated with a thin 
liquid film, and still another part can directly be exposed to the outer air. The 
environment surrounding the projection lens and wafer contains impurities in larger 
amounts in comparison with the supplied liquid, and a liquid adhered to the lower 
surface of the projection lens may absorb an impurity contained in the outer air. The 
liquid adhered to the lower surface of the projection lens evaporates to the outer air, 
and the impurity originally contained in the liquid or an impurity absorbed from the 
outer air condenses in the liquid. As a result, an impurity may be attached to the 
surface of the projection lens to cause clouds or the impurity may remain as a residue 
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after the complete evaporation/drying of the liquid on the surface of the projection 

lens to cause clouds. 

[0013] 

The present invention has been made in consideration of the above-mentioned 
problems, and has as its object to increase the practicality of an exposure apparatus 
and an exposure method using immersion and, for example, more reliably fill the gap 
between the final surface of a projection optical system and a substrate with a liquid, 
suppress the possibility of being influenced by atmosphere surrounding the final 
surface of the projection optical system, simplify the structure of an exposure 
apparatus, reduce the size of the exposure apparatus, or the like. 

Means to Solve Problems 
[0014] 

According to a first aspect of the present invention, there is provided an 
exposure apparatus which projects and transfers a pattern on a master to a substrate 
through a projection optical system, the apparatus including a substrate stage which 
holds and moves the substrate and a liquid supply unit which has a liquid supply 
nozzle and supplies a liquid to a surface of the substrate to form a liquid film. The 
liquid supply nozzle is arranged in a first direction seen from the perimeter of the 
projection optical system or the projection optical system and the liquid supply unit 
continuously supplies the liquid to the surface of the substrate through the liquid 
supply nozzle so as to continuously widen the liquid film in accordance with the 
movement of the substrate when the substrate stage moves the substrate to a second 
direction which is the opposite direction of the first direction. 
[0015] 

According to a preferred embodiment of the present invention, it is preferable 
that the liquid supply unit supply the liquid to the surface of the substrate through the 
liquid supply nozzle so as to fill a gap with the liquid flowed into the gap between the 
final surface of the projection optical system and the substrate by the movement of the 
substrate. 
[0016] 

According to the preferred embodiment of the present invention, it is 
preferable that the exposure apparatus further includes a liquid recovery unit which 
has a liquid recovery nozzle, wherein the liquid recovery nozzle is arranged in the 
second direction seen from the outside of the projection optical system and the 
projection optical system, and the liquid recovery unit recovers a liquid of the liquid 
film spread in accordance with movement of the substrate through the liquid recovery 
nozzle. 
[0017] 
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According to the preferred embodiment of the present invention, it is 
preferable that the exposure apparatus further includes a liquid recovery unit which 
has a plurality of liquid recovery nozzles arranged to surround the projection optical 
system, wherein the liquid recovery unit recovers the liquid of the liquid film formed 
on the substrate through a part of or all the liquid recovery nozzles. 
[0018] 

According to the preferred embodiment of the present invention, the liquid 
supply unit preferably has a plurality of liquid supply nozzles arranged in a different 
direction to each other seen from the projection optical system, and when the substrate 
stage moves the substrate, supplies liquid to the surface of the substrate through at 
least one of the plurality of liquid supply nozzles positioned in a direction opposite to 
a moving direction of the substrate seen from the projection optical system. 
[0019] 

According to the preferred embodiment of the present invention, the liquid 
supply unit preferably has a plurality of liquid supply nozzles arranged in a different 
direction to each other seen from the projection optical system, and when the substrate 
stage moves the substrate, supplies a liquid to the surface of the substrate through at 
least one of the plurality of liquid supply nozzles positioned in a direction opposite to 
the moving direction of the substrate seen from the projection optical system, and the 
liquid recovery unit recovers the liquid of the liquid film formed on the substrate 
through at least one of the plurality of liquid recovery nozzles positioned in the 
moving direction of the substrate seen from the projection optical system. 
[0020] 

According to the preferred embodiment of the present invention, the plurality 
of liquid recovery nozzles is preferably arranged outside of the plurality of liquid 
supply nozzles, 
[0021] 

According to the preferred embodiment of the present invention, it is 
preferable that the liquid supply unit supplies a liquid to the surface of the substrate 
with a width not less than that of the exposure light from the projection optical system 
in a direction perpendicular to the moving direction of the substrate. 
[0022] 

According to the preferred embodiment of the present invention, the liquid 
supply unit preferably controls the liquid supply so as to satisfy: 
ja>d-v/w 

where \i is a mean flow velocity of the liquid at an outlet port of the liquid 
supply nozzle, d is an interval between the final surface of the projection optical 
system and the substrate, v is a moving velocity of the substrate, and w is a width of 
the outlet port of the liquid supply nozzle along a moving direction of the substrate. 
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[0023] 

According to the preferred embodiment of the present invention, the liquid 
supply unit preferably controls the liquid flow rate supplying a liquid to the substrate 
through the liquid supply nozzle based on a moving velocity of the substrate. 
[0024] 

According to the preferred embodiment of the present invention, it is 
preferable that an interval between the outlet port of the liquid supply nozzle and the 
wafer stage is substantially equal to an interval between the final surface of the 
projection optical system and the wafer stage. Alternatively, an interval between the 
outlet port of the liquid supply nozzle and the wafer stage may be larger than an 
interval between the final surface of the projection optical system and the wafer stage. 
[0025] 

According to the preferred embodiment of the present invention, it is 
preferable that an interval between an inlet port of the liquid recovery nozzle and the 
wafer stage is substantially equal to an interval between the final surface of the 
projection optical system and the wafer stage. Alternatively, an interval between the 
inlet port of the liquid recovery nozzle and the wafer stage may be less than an 
interval between the final surface of the projection optical system and the wafer stage. 
[0026] 

According to the preferred embodiment of the present invention, an end 
portion of the final surface of the projection optical system which is adjacent to the 
liquid supply nozzle may be linear at a place where a final surface is adjacent to the 
liquid supply nozzle. 
[0027] 

According to the preferred embodiment of the present invention, a length of the 
final surface of the projection optical system in a direction perpendicular to the first 
direction may be longer than a length of the final surface of the projection optical 
system in the first direction. 
[0028] 

According to the preferred embodiment of the present invention, an end 
portion of the final surface of the projection optical system which is adjacent to the 
liquid recovery nozzle may be linear at a place where a final surface is adjacent to the 
liquid recovery nozzle. 
[0029] 

According to the preferred embodiment of the present invention, the final 
surface of the projection optical system has a rectangular shape. 
[0030] 

According to the preferred embodiment of the present invention, it is 
preferable that the exposure apparatus further includes a contiguous member which 
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continuously extends from the final surface of the projection optical system and has a 
surface opposing the substrate stage, wherein the outlet port of the liquid supply 
nozzle is arranged in the opposing surface. 
[0031] 

According to the preferred embodiment of the present invention, it is 
preferable that the exposure apparatus further includes a contiguous member which 
continuously extends from the final surface of the projection optical system and has a 
surface opposing the substrate stage, wherein the outlet port of the liquid supply 
nozzle and the inlet port of the liquid recovery nozzle are arranged in the opposing 
surface. 
[0032] 

According to the preferred embodiment of the present invention, it is 
preferable that the liquid supply unit has a nozzle group arranged in one line or in a 
plurality of lines as liquid supply nozzles and has an on-off unit for independently 
controlling the supply and stop of the liquid from the nozzle group. Here, the on-off 
unit may control the supply and stop of the liquid using each nozzle of the nozzle 
group depending on the presence of the substrate immediately below each nozzle. 
[0033] 

According to a second aspect of the present invention, there is provided an 
exposure apparatus which projects and transfers a pattern on a master to a substrate 
through a projection optical system, the apparatus including a substrate stage which 
holds and moves the substrate, a flat plate which has a height substantially equal to 
the height of the substrate on the substrate stage, a liquid supply unit which supplies a 
liquid to between the final surface of the projection optical system and the substrate or 
the flat plate and a liquid recovery unit which recovers a liquid from between the final 
surface of the projection optical system and the substrate or the flat plate. 
[0034] 

According to the preferred embodiment of the present invention, it is 
preferable that the flat plate is adjacent to at least a part of the substrate on the 
substrate stage. 
[0035] 

According to the preferred embodiment of the present invention, the flat plate 
may have a suction port to suck a liquid on the flat plate and/or the flat plate may have 
a liquid supply port to supply a liquid to the flat plate. Alternatively, the flat plate 
may have an open flow path to supply or suck a liquid on the flat plate. 
[0036] 

According to the preferred embodiment of the present invention, the exposure 
apparatus may include a driving mechanism to move the flat plate below the final 
surface of the projection optical system. 
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[0037] 

According to the preferred embodiment of the present invention, it is 
preferable that the substrate stage drives the flat plate to below the final surface of the 
projection optical system. 
[0038] 

According to a third aspect of the present invention, there is provided an 
exposure apparatus which projects and transfers a pattern on a master to a substrate 
through a projection optical system, the apparatus including a substrate stage which 
holds and moves the substrate, a contiguous member which has a liquid contact 
surface continuously extended from the final surface of the projection optical system 
and a liquid supply unit which supplies a liquid to between the final surface and the 
liquid contact surface and the substrate through an outlet port on the liquid contact 
surface. 
[0039] 

According to the preferred embodiment of the present invention, it is 
preferable that the exposure apparatus further includes a liquid recovery unit which 
recovers a liquid between the final surface and the liquid contact surface and the 
substrate. 
[0040] 

According to the preferred embodiment of the present invention, it is 
preferable that the liquid recovery unit recovers a liquid between the final surface and 
the liquid contact surface and the substrate through an inlet port on the liquid contact 
surface. 
[0041] 

According to the preferred embodiment of the present invention, the 
contiguous member may be a part of a lens barrel which supports the projection 
optical system. 
[0042] 

According to the preferred embodiment of the present invention, it is 
preferable that the exposure apparatus further includes a projecting portion projecting 
to a side of the substrate stage in an end portion of the liquid contact surface. 
[0043] 

According to the preferred embodiment of the present invention, it is 
preferable that the exposure apparatus further includes a liquid recovery unit which 
recovers a liquid between the final surface and the liquid contact surface and the 
substrate through an inlet port on a surface of which the projecting portion faces the 
substrate stage. 
[0044] 
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According to a fourth aspect of the present invention, there is provided an 
exposure apparatus which projects and transfers a pattern on a master to a substrate 
through a projection optical system, the apparatus including a substrate stage which 
holds and moves the substrate, a contiguous member which has a liquid contact 
surface continuously extended from the final surface of the projection optical system, 
a liquid supply unit which supplies a liquid to a gap between the final surface and the 
substrate through a liquid supply port around the final surface, a liquid recovery unit 
which recovers a liquid from a gap between the final surface and the substrate through 
a liquid recovery port around the final surface and a gas outlet port which is arranged 
to surround the liquid supply port and the liquid recovery unit and discharges a gas so 
as to cover around the substrate. 
[0045] 

According to the preferred embodiment of the present invention, it is 
preferable that the exposure apparatus further includes a gas recovery port which 
surrounds the gas outlet port and recovers a gas discharged from the gas outlet port. 
[0046] 

According to the first to fourth aspects of the present invention, the exposure 
apparatus may be a scanning exposure apparatus which transfers the pattern on the 
master to the substrate while the substrate stage moves. 
[0047] 

According to the first to fourth aspects of the present invention, the exposure 
apparatus starts a liquid supply operation through the liquid supply nozzle when the 
substrate moves to switch shot regions. 
[0048] 

According to a fifth aspect of the present invention, there is provided an 
exposure method of projecting and transferring a pattern on a master to a substrate 
through a projection optical system, the method including a step of forming a liquid 
film on a surface of the substrate by a liquid supply nozzle arranged in a first direction 
supplying a liquid to a surface of the substrate seen from a perimeter of the projection 
optical system and the projection optical system and supplying the liquid continuously 
to the surface of the substrate through the liquid supply nozzle so as to spread the 
liquid film continuously in accordance with the movement of the substrate while the 
substrate moves in a second direction opposite to the first direction. 
[0049] 

According to the preferred embodiment of the present invention, the exposure 
method may be implemented such that the pattern on the master is transferred to the 
substrate by slit light while the substrate moves. 
[0050] 
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According to the preferred embodiment of the present invention, the exposure 
method may be implemented such that that the liquid film is formed before the pattern 
on the master is transferred to the substrate or while the pattern on the master is 
transferred to the substrate many times. 
[0051] 

According to a sixth aspect of the present invention, there is provided an 
exposure method of projecting and transferring a pattern on a master to a substrate 
through a projection optical system, the method including the steps of transferring the 
pattern on the master to the substrate in a state in which a gap between a final surface 
of the projection optical system and the substrate is filled with the liquid; and moving 
a flat plate below the final surface in a state in which a liquid is filled below the final 
surface of the projection optical system. 
[0052] 

According to the preferred embodiment of the present invention, it is 
preferable that the exposure method further includes a step of removing the substrate 
from the substrate stage in a state in which the flat plate is positioned below the final 
surface of the projection optical system after the step of moving. The exposure 
method may further include a step of placing a new substrate on the substrate stage 
after the removing step. 
[0053] 

According to a seventh aspect of the present invention, there is provided an 
exposure apparatus which projects a pattern on a master to a substrate through a 
projection optical system, the apparatus including a substrate stage which holds and 
moves the substrate and a liquid supply unit which supplies a liquid to the substrate 
with nozzles facing the substrate on the substrate stage, wherein a liquid film is 
formed between the projection optical system and the substrate by moving the 
substrate by the substrate stage and supplying liquid to the substrate by the liquid 
supply unit. 
[0054] 

According to the preferred embodiment of the present invention, it is 
preferable that the exposure apparatus further includes an opposing member facing the 
substrate so as to form a substantially uniform liquid film of a liquid from the liquid 
supply unit. 
[0055] 

According to an eighth aspect of the present invention, there is provided an 
exposure apparatus which projects a pattern on a master to a substrate through a 
projection optical system, the apparatus including a substrate stage which holds and 
moves the substrate, a liquid film forming unit which forms a liquid film between the 
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projection optical system and the substrate on the substrate stage and a flat plate 
which supports the liquid film by the liquid film forming unit instead of the substrate. 
[0056] 

According to a ninth aspect of the present invention, there is provided an 
exposure apparatus which projects a pattern on a master to a substrate through a 
projection optical system, the apparatus including a substrate stage which holds and 
moves the substrate, a liquid supply unit which supplies a liquid to a gap between the 
projection optical system and the substrate on the substrate stage, a liquid recovery 
unit which recovers a liquid from the gap and a gas outlet unit which discharges a gas 
to the substrate so as to surround the gap. 
[0057] 

According to a tenth aspect of the present invention, there is provided an 
exposure method of projecting a pattern on a master through a projection optical 
system, the method including a step of supplying a liquid to the substrate by a liquid 
supply unit which has nozzles facing the substrate on the substrate stage and forming 
a liquid film between the projection optical system and the substrate by moving the 
substrate by the substrate stage. 
[0058] 

According to an eleventh aspect of the present invention, there is provided an 
exposure method of projecting a pattern on a master through a projection optical 
system, the method including the steps of forming a liquid film between the projection 
optical system and the substrate and replacing the substrate with a flat plate while 
holding the liquid film formed in the forming step. 
[0059] 

According to a twelfth aspect of the present invention, there is provided a 
device manufacturing method including a step of manufacturing a device using the 
exposure apparatus according to any one of the seventh to ninth aspects. 

Embodiments 
[0060] 

An exposure apparatus according to the present invention is useful to, e.g., all 
exposure methods and exposure apparatuses that use ultraviolet light as exposure light 
and uses immersion in which the gap between a projection optical system and a 
substrate (e.g., a wafer) is filled with a liquid. These exposure apparatuses can 
include, e.g., one which projects and transfers a pattern on a master onto a substrate 
while the substrate is in a stationary state and one which performs scanning exposure 
for a substrate to a pattern on a master using slit light while synchronously scanning 
the substrate and master. 
[0061] 
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A preferred embodiment of the present invention will be illustrated below. 
Fig. 1 is a view schematically showing the arrangement of the preferred embodiment 
of the present invention. In Fig. 1, light emitted from an exposure light source (not 
shown) such as an ArF excimer laser or F 2 laser is supplied to an illumination optical 
system 2. The illumination optical system 2 uses the light supplied from the exposure 
light source to illuminate part of a reticle (master) 1 with slit light (light having a 
sectional shape as if it passed through a slit). While illuminating the reticle 1 with the 
slit light, a reticle stage (master stage) 3 holding the reticle 1 and a wafer stage 
(substrate stage) 10 holding a wafer (substrate) 9 perform scanning movement in 
synchronism with each other. Through this synchronous scanning, an image of the 
entire pattern on the reticle 1 is continuously formed on the wafer 9 through a 
projection optical system 4 to expose to light a resist applied to the surface of the 
wafer 9. 
[0062] 

The two-dimensional positions of the reticle stage 3 and wafer stage 10 are 
measured in real time by a reference mirror 1 1 and distance measurement laser 
interferometer 12, respectively. A stage control apparatus 13 performs alignment and 
synchronous control for the reticle 1 (reticle stage 3) and wafer 9 (wafer stage 10) on 
the basis of measurement values from the reference mirror 1 1 and distance 
measurement laser interferometer 12. The wafer stage 10 incorporates a driving unit 
which adjusts, changes, or controls the vertical position, rotational direction, and tilt 
of the wafer 9. In exposure, the driving unit controls the wafer stage 10 such that an 
exposure region on the wafer 9 precisely coincides with the focal plane of the 
projection optical system 4. The position (vertical position and tilt) of the upper 
surface of the wafer 9 is measured by an optical focus sensor (not shown) and is 
supplied to the stage control apparatus 13. 
[0063] 

An exposure apparatus main body is placed in an environment chamber (not 
shown), and the environment of the exposure apparatus main body is kept at a 
predetermined temperature. Temperature-controlled air for air conditioning is 
separately supplied to a space surrounding the reticle stage 3, wafer stage 10, and 
distance measurement laser interferometer 12 and a space surrounding the projection 
optical system 4, thereby maintaining the ambient temperature at higher precision. 
[0064] 

In this embodiment, immersion in which the space or gap between the 
projection optical system 4 and the wafer 9 is filled with a liquid is implemented by a 
liquid supply nozzle 5 arranged above the wafer 9 and in the vicinity of the projection 
optical system 4 and a liquid recovery nozzle 6 opposing the liquid supply nozzle 5 
through the projection optical system 4. 
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[0065] 

Immersion to be performed in this embodiment will be described below in 
detail. The liquid supply nozzle 5 is arranged upstream in a direction in which the 
wafer 9 is scanned during exposure and in the vicinity of the projection optical system 
4. For example, if the wafer is to be moved from right to left, i.e., leftward (second 
direction), the upstream of the scanning direction is on the right (first direction) which 
is an opposite direction thereof. More specifically, if the scanning direction (second 
direction) is indicated by an arrow, the direction of the starting point of the arrow 
(first direction) is the upstream. The liquid recovery nozzle 6 opposes the liquid 
supply nozzle 5 (i.e., downstream in the scanning direction) through the projection 
optical system 4. 
[0066] 

The liquid supply nozzle 5 is connected to a liquid supply unit 7 through a 
supply pipe 16. Similarly, the liquid recovery nozzle 6 is connected to a liquid 
recovery unit 8 through a recovery pipe 17. The liquid supply unit 7 can include a 
tank which stores a liquid, a pressure feed unit which feeds the liquid, and a flow 
controller which controls the supply flow rate of the liquid. The liquid supply unit 7 
preferably further includes a temperature controller for controlling the supply 
temperature of the liquid. The liquid recovery unit 8 can include, e.g., a tank which 
temporarily stores a recovered liquid, a suction unit which sucks the liquid, and a flow 
controller for controlling the recovery flow rate of the liquid. An immersion 
controller 18 receives information such as the current position, velocity, acceleration, 
target position, and moving direction of the wafer stage 10 from the stage control 
apparatus 1 3 and gives instructions to start or stop immersion, control the flow rate, 
and the like to the liquid supply unit 7 and liquid recovery unit 8 on the basis of this 
information. 
[0067] 

As an immersion liquid, one which absorbs little exposure light is selected. 
The immersion liquid desirably has a refractive index almost equal to that of a 
dioptric element made of, e.g., quartz or fluorite. More specifically, examples of the 
immersion liquid include pure water, functional water, a fluorinated solution (e.g., 
fluorocarbon), and the like. A dissolved gas is preferably well removed from the 
immersion liquid using a degasifier. This aims at suppressing generation of air 
bubbles and immediately absorbing any generated air bubbles in the liquid. For 
example, if nitrogen and oxygen, which are contained in large quantity in the 
environmental gas, are removed from the liquid by 80% or more of the maximum 
permissible gas content of the liquid, generation of air bubbles can sufficiently be 
suppressed. The exposure apparatus may be provided with a degasifier (not shown) 
and may supply a liquid to the liquid supply unit 7 while removing a gas dissolved in 
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the liquid. As the degasifier, e.g., a vacuum degasifier is preferably used. This 
vacuum degasifier supplies a liquid to one side of a gas-permeable film, evacuates the 
other side to a vacuum, and traps a gas dissolved in the liquid into the vacuum through 
the film. 
[0068] 

A step of filling a liquid between the projection optical system 4 and the wafer 
9 will be described with reference to Fig. 2. 
[0069] 

While the wafer 9 is in a stationary state or is moving, the liquid supply nozzle 
5 supplies a liquid f onto the wafer 9 at, e.g., a constant flow rate to bring the liquid 
into intimate contact with the lower surface of the liquid supply nozzle 5 and the 
upper surface of the wafer 9. With this operation, a satisfactory liquid film is formed 
(Fig. 2(a)). 
[0070] 

The wafer 9 starts moving or further moves while continuously supplying the 
liquid from the liquid supply nozzle 5. The movement of the wafer 9 is used to guide 
the liquid film below the projection optical system 4 without breaking the liquid film 
(formed in Fig. 2(a)) (Figs. 2(b) and 2(c)). 
[0071] 

When the wafer 9 further moves to reach an exposure start position, scanning 
exposure using slit light starts (Fig. 2(d)). During the slit exposure, the liquid supply 
nozzle 5 continuously supplies the liquid, as described with reference to Fig. 2(c), and 
the liquid recovery nozzle 6 starts recovering the liquid flowing from the downstream 
side (on the left in Fig. 2) of a scanning direction S with respect to the projection 
optical system 4. With this operation, a space between the wafer 9 and the projection 
optical system 4 is stably filled with the liquid (Fig. 2(d)). 
[0072] 

When the wafer 9 further moves to reach an exposure end position, the 
exposure using the slit light ends (e). Upon completion of the exposure using the slit 
light, the liquid supply nozzle 5 stops supplying the liquid (Fig. 2(e)). The liquid 
recovery nozzle 6 recovers the liquid left on the wafer 9 while moving the wafer 9 in 
the scanning direction S (Figs. 2(f) and 2(g)). 
[0073] 

If the liquid is continuously supplied onto the surface of the wafer 9 while 
moving the wafer 9 such that a liquid film expands along with the movement of the 
wafer 9, as described above, the gap between the final surface of the projection optical 
system 4 and the wafer 9 can be filled with a continuous liquid film (liquid film 
without breaking). This method can more reliably form a liquid film in the gfip 
between the projection optical system and the wafer even when the gap is small and 
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can reduce air bubbles in the liquid film, than a method disclosed in Patent Document 
2 of directing a nozzle toward the gap between the projection optical system 4 and the 
wafer 9 and supplying a liquid toward the gap. Also, according to this method, the 
liquid film moves at a lower velocity than the wafer and thus can reliably be 
recovered through the liquid recovery nozzle 6. Thus, outward splashes of the liquid 
can effectively be prevented. 
[0074] 

A sequence for supplying and recovering a liquid as described above may be 
performed for each exposure shot region (each transfer of a reticle image). 
Alternatively, the sequence may be performed for all or some of the exposure shot 
regions on the wafer as a unit. In the latter case, supply and recovery of a liquid may 
be or may not be performed during stepping of the wafer between the exposure shot 
regions. 
[0075] 

The above-mentioned immersion can be applied to an exposure apparatus 
which exposes a wafer while the wafer is in a stationary state (e.g., a so-called 
stepper). In this case, when, e.g., the wafer is stepped between exposure shot regions, 
supply and recovery of a liquid is preferably controlled so as to expand a liquid film 
between an exposure shot region to be exposed next and the lower surface of the 
projection optical system 4. 
[0076] 

Preferred examples of the detailed structures and layout of the liquid supply 
nozzle 5 and liquid recovery nozzle 6 will be described with reference to Figs. 3 to 7. 
[0077] 

Fig. 3 is a plan view as seen from above, obtained by cutting the exposure apparatus 
in Fig. 1 above the wafer 9. The liquid supply nozzle 5 is arranged upstream (in the - 
X direction as seen from the projection optical system 4), in a moving direction S (in 
the +X direction as seen from the projection optical system 4) of the wafer 9, to 
sandwich a final surface 4s of the projection optical system 4 while the liquid 
recovery nozzle 6 is arranged downstream (in the +X direction as seen from the 
projection optical system 4). When the exposure apparatus is a scanner (scanning 
exposure apparatus), the moving direction of the wafer 9 is desirably the same as the 
scanning direction of the wafer in exposure in order to stably form a liquid film. 
[0078] 

The liquid supply nozzle 5 is preferably arranged such that its lower surface 
(lower end) is flush with or higher than the final surface (lower surface) 4s of the 
projection optical system 4. With this arrangement, a liquid can move together with 
the wafer in intimate contact with the final surface of the projection optical system 4 
while eliminating an air layer. This prevents inclusion of air bubbles in a liquid film. 
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[0079] 

The liquid recovery nozzle 6 is preferably arranged such that its lower surface 
(lower end) is flush with or higher than the final surface (lower surface) 4s of the 
projection optical system 4. With this arrangement, a liquid on the wafer can 
efficiently be recovered while preventing a failure to recover the liquid (incomplete 
recovery). 
[0080] 

A total length LI of an outlet port through which the liquid supply nozzle 5 
discharges a liquid is preferably equal to or larger than a length Le of a region through 
which exposure light beams pass and is more preferably equal to or larger than the 
width of the final surface 4s of the projection optical system 4. A length L2 of the 
liquid recovery nozzle 6 is preferably equal to or larger than the length LI of the 
liquid discharge port of the liquid supply nozzle 5 and is more preferably equal to or 
larger than the width of the final surface 4s of the projection optical system. 
[0081] 

A flow rate V of a liquid to be supplied from the liquid supply nozzle 5 to a 
space (immersion space) between the wafer 9 and the lower surface of the projection 
optical system 4 is desirably determined in accordance with equation (1): 
[0082] 

V>L 1 d- v ... Equation( 1 ) 

where d is an interval of the space filled with liquid between the wafer and the 
final surface (lower surface) of the projection optical system 4, and v is a moving 
velocity of the wafer in immersion and is a scanning velocity of the wafer in scanning 
exposure. 
[0083] 

Letting |i be a mean flow velocity of a liquid, to be supplied from the liquid 
supply nozzle 5 to the immersion space, at the liquid discharge port of the liquid 
supply nozzle 5, the flow rate V of the liquid is given by equation (2): 
[0084] 

V=L 1 • w- |i ... Equation(2) 

where w is a width of the liquid discharge port. Equation (3) is derived from 
equations (1) and (2): 
[0085] 

(i>d«v/w . . .Equation(3) 

More generally, the flow rate of the liquid to be supplied is preferably 
determined such that the mean flow velocity of the liquid at the liquid discharge port 
of the liquid supply nozzle 5 (i.e., the supply flow rate per unit area of the discharge 
port) is equal to or larger than the quotient obtained by dividing, by the width w of the 
discharge port, the product of the interval d of the gap between the final surface 4s of 
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the projection optical system and the wafer 9 and the moving velocity v of the wafer 
stage 10. In the strict definition, w is the minimum of the width of the liquid 
discharge port along the moving direction of the wafer 9 in the corresponding liquid 
supply nozzle 5. 
[0086] 

To start exposure from an end portion of the wafer, a liquid film needs to be 
sufficiently grown below the final surface (lower surface) 4s of the projection optical 
system 4 before the end portion of the wafer reaches an exposure region (region to be 
irradiated with exposure light). In the arrangement example shown in Fig. 3, a flush 
plate (flat plate) 19 almost flush with the wafer 9 is provided outside the wafer 9. 
This makes it possible to form a liquid film outside the wafer 9. 
[0087] 

Fig. 4 is a view showing the second arrangement example of the structures and 
layout of the liquid supply nozzle 5 and liquid recovery nozzle 6. The second 
arrangement example shown in Fig. 4 is different from the first arrangement example 
shown in Fig. 3 in that the ports of the liquid supply nozzle 5 and liquid recovery 
nozzle 6 are arranged within the surfaces (opposing surface opposing the wafer stage 
or wafer) of contiguous members 20a and 20b. 
[0088] 

The bottom surfaces (opposing surfaces) of the contiguous members 20a and 
20b are almost flush with the final surface 4s of the projection optical system. The 
edge of the final surface 4s is so arranged as to come into intimate contact with the 
perimeter portion of the lens barrel of the projection optical system 4. With this 
arrangement, an interval between the wafer 9 and the bottom surface of the liquid 
supply nozzle 5, that between the wafer 9 and the bottom surface of the liquid 
recovery nozzle 6, and that between the wafer 9 and the final surface 4s of the 
projection optical system can be made almost equal to each other, and the bottom 
surface of the liquid supply nozzle 5, the final surface 4s of the projection optical 
system, and the bottom surface of the liquid recovery nozzle 6 can constitute 
contiguous surfaces. 
[0089] 

This arrangement, in which the liquid supply nozzle 5 and liquid recovery 
nozzle 6 are arranged within planes contiguous to the final surface 4s of the projection 
optical system, has the following advantage. More specifically, a liquid supplied from 
the liquid supply nozzle 5 comes into intimate contact with the wafer 9 and the bottom 
surface of the contiguous member 20a, in which the liquid supply nozzle 5 is open, to 
form a liquid film. This liquid film together with the wafer 9 moves toward the final 
surface 4s of the projection optical system, which is contiguous to the bottom surface 
of the contiguous member 20a. The liquid film can smoothly advances to the final 
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surface 4s of the projection optical system 4 and then to the bottom surface of the 
contiguous member 20b. In this manner, the final surface 4s of the projection optical 
system and the members 20a and 20b contiguous to the final surface 4s make it 
possible to fill the almost entire gap between them and the wafer 9 with a liquid. 
[0090] 

Since a liquid film always moves together with the wafer 9 while its upper and 
lower surfaces are in intimate contact with planes, contact of the liquid film with the 
environment (gas) is substantially limited to the side surfaces of the liquid film, and 
thus the contact area of the liquid film with the gas is small. The liquid film flows 
through almost a constant gap and hardly changes in velocity. For this reason, the 
flow of the liquid film hardly disorders, and air bubbles are unlikely to be generated in 
the liquid film. Also, this reduces dissolution of a gas in a liquid and can suppress 
generation of micro-bubbles in the liquid film due to a change in temperature or a 
local change in pressure. 
[0091] 

The contiguous members 20a and 20b may be like a thin plate or block, or 
may have any other shape as far as their bottom surfaces (lower surfaces) are 
contiguous to the final surface (lower surface) 4s of the projection optical system 4. 
The contiguous members 20a and 20b may be formed as portions integrated into the 
bottom surfaces of the nozzles 5 and 6 and/or the bottom surface of the lens barrel of 
the projection optical system 4. 
[0092] 

Fig. 5 is a view showing the third arrangement example of the structures and 
layout of the liquid supply nozzle 5 and liquid recovery nozzle 6. The third 
arrangement example shown in Fig. 5 is different from the second arrangement 
example shown in Fig. 4 in that the liquid supply nozzles 5 (5a and 5b) are arranged 
on both sides, respectively, of the final surface 4s, and the liquid recovery nozzles 6 
(6a and 6b) are arranged on both sides, respectively, of the final surface 4s of the 
projection optical system. 
[0093] 

The liquid supply nozzles 5a and 5b are arranged relatively nearer to the final 
surface 4s of the projection optical system 4 so as to sandwich the projection optical 
system 4. On the other hand, the liquid recovery nozzles 6a and 6b are arranged 
relatively farther from the final surface 4s of the projection optical system 4, i.e., 
outside the liquid supply nozzles 5a and 5b. 
[0094] 

While the wafer 9 moves in the +X direction indicated by an arrow shown in 
Fig. 5, the liquid supply nozzle 5a supplies a liquid to the gap between the wafer 9 and 
the final surface 4s, and the liquid supply nozzle 5b does not supply the liquid. At this 
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time, the liquid recovery nozzle 6b can recover most of the liquid. However, the 
liquid may flow in a direction opposite to the liquid recovery nozzle 6b, depending on 
the flow rate of the liquid to be supplied from the liquid supply nozzle 5a. Under the 
circumstances, in addition to the liquid recovery nozzle 6b, the liquid recovery nozzle 
6a is operated to recover the liquid flowing in the opposite direction. This can prevent 
splashes or spills of the liquid. In consideration of this effect, preferably, liquid 
recovery nozzles are arranged around the perimeter of the final surface 4s so as to 
surround the perimeter of the final surface 4s of the projection optical system and are 
operated in supplying a liquid from the liquid supply nozzles. 
[0095] 

While the wafer 9 moves in the -X direction indicated by an arrow shown in 
Fig. 5, the liquid supply nozzle 5b supplies a liquid, and the liquid supply nozzle 5a 
does not supply the liquid, contrary to the above-mentioned case. In this manner, the 
gap between the wafer 9 and the final surface 4s of the projection lens can always be 
filled with the liquid, regardless of the moving direction of the wafer. By switching 
the supply of the liquid between both the nozzles 5a and 5b, even when the moving 
direction of the wafer is reversed, the gap between the wafer 9 and the final surface 4s 
of the projection lens can be filled with the liquid without breaking the liquid film 
(without dividing the liquid film). 
[0096] 

The shape of the final surface 4s of the projection lens need not be circular. 
For example, if the final surface 4s is oval, and portions facing the nozzles are linear, 
as shown in Fig. 5, the liquid supply nozzles 5a and 5b and liquid recovery nozzles 6a 
and 6b can be brought near to the optical path of exposure light beams. This can 
reduce the time required to fill the gap with the liquid and the moving distance of the 
wafer. In the case of a scanner, exposure light beams are slit-shaped on the surface of 
the wafer, and light beams each having a sectional shape which is short in the 
scanning direction and is long in a direction perpendicular to the scanning direction 
are used in the final surface 4s of the projection lens, which is close to the wafer 
surface. The final surface of the projection optical system 4 can be formed into a 
shape which is narrow in the scanning direction such as an oval, in accordance with 
the sectional shape of the light beams. The shape of the final surface of the projection 
optical system is not limited to an oval, and the final surface can have various shapes 
such as a rectangle, an arc (a part of a circle), and the like. 
[0097] 

Fig. 6 is a view showing the fourth arrangement example of the structures and 
layout of the liquid supply and liquid recovery nozzles. In the fourth arrangement 
example shown in Fig. 6, liquid supply nozzles 5a to 5d are provided on all sides 
surrounding the final surface 4s of the projection optical system, and liquid recovery 
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nozzles 6a to 6d are further provided so as to surround the liquid supply nozzles 5a to 
5d. When the wafer moves in the +X direction indicated by an arrow shown in Fig. 6, 
the liquid supply nozzle 5a arranged upstream in the moving direction of the wafer 
supplies a liquid. When the wafer moves in the -X direction indicated by an arrow 
shown in Fig. 6, the liquid supply nozzle 5b supplies the liquid. Also, when the wafer 
moves in the +Y direction indicated by an arrow, a liquid supply nozzle 5c supplies 
the liquid. When the wafer moves in the -Y direction indicated by an arrow, a liquid 
supply nozzle 5d supplies the liquid. 
[0098] 

Since most of the liquid is recovered by the liquid recovery nozzles arranged 
downstream in the moving direction of the wafer, only the downstream recovery 
nozzles may be made to operate. However, simultaneous operation of all the four 
liquid recovery nozzles 6a to 6c at least while they are supplying the liquid in 
preparation for unexpected events such as malfunctioning can more reliably prevent 
splashes or spills of the liquid. Instead of providing a plurality of liquid recovery 
nozzles, one liquid recovery nozzle may be provided around the perimeter of the final 
surface 4s of the projection optical system so as to surround the sides. The flow rate 
of the liquid to be supplied from the liquid supply nozzles 6a to 6c is preferably 
determined in accordance with equation (3). With the above-mentioned arrangement, 
the moving direction of the wafer is not limited to the X or Y direction, and even if 
the wafer moves diagonally, the liquid film can be maintained. 
[0099] 

As described above, a plurality of liquid supply nozzles are so arranged as to 
surround the final surface 4s of the projection optical system, and one or more liquid 
supply nozzles for use in supply are switched between the liquid supply nozzles such 
that the liquid supply nozzles arranged upstream in the moving direction (the opposite 
side of the moving direction as seen from the projection optical system) supply the 
liquid in wafer movement. With this operation, the gap between the final surface 4s 
of the projection optical system and the wafer can always be filled with the liquid 
regardless of the moving direction of the wafer. As a result, the gap between the 
wafer 9 and the final surface 4s of the projection lens can be filled with the liquid 
without breaking the liquid film not only during scanning exposure but also during 
stepping within the surface of the wafer or in changing the moving direction of the 
wafer. This makes it possible to, in one wafer, fill the gap between the final surface 
4s of the projection optical system and the wafer 9 with the liquid without breaking 
the liquid film from the start of the exposure to when exposure of the entire wafer is 
completed. Consequently, the need for forming a liquid film for every shot is 
eliminated, and the productivity of the exposure apparatus greatly increases. 
[0100] 
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Fig. 7 is a view showing the fifth arrangement example of the structures and 
layout of the liquid supply nozzles and liquid recovery nozzles. In this arrangement 
example, the liquid supply nozzles 5a to 5h and the liquid recovery nozzles 6a to 6h 
are so arranged on circumferences as to surround the perimeter of the final surface 4s 
of the projection optical system. The liquid supply nozzles are arranged inside the 
liquid recovery nozzles. The nozzles on the circumferences make it possible to fill the 
gap between the final surface of the projection optical system and the wafer with the 
liquid by supplying the liquid from one arranged almost upstream in the moving 
direction and recovering the liquid by at least one arranged downstream of the moving 
direction, even when the wafer stage 10 moves diagonally. 
[0101] 

For example, when the wafer moves at an angle of 45° from the +X and +Y 
directions, as indicated by an arrow shown in Fig. 7, the nozzles are preferably 
controlled such that at least the liquid supply nozzles 5b and 5c supply the liquid 
while at least the liquid recovery nozzles 6f and 6g recover the liquid. The layout of 
the nozzles on the circumferences makes it possible to more flexibly form a 
corresponding liquid film in various moving directions of the wafer. Fig. 7 shows the 
plurality of divided liquid recovery nozzles. However, simultaneous operation of all 
the liquid recovery nozzles 6a to 6h at least while they are supplying the liquid in 
preparation for unexpected events such as malfunctioning can more reliably prevent 
splashes or spills of the liquid, as described in the fourth arrangement example. 
Instead of providing a plurality of liquid recovery nozzles, only one liquid recovery 
nozzle may be provided around the perimeter of the final surface 4s of the projection 
optical system so as to surround the perimeter. 
[0102] 

When the gap between the wafer and the final surface 4s of the projection lens 
is not filled with the liquid or when there is still gas in the gap due to incomplete 
filling with the liquid, the liquid is preferably supplied from upstream in the moving 
direction of the wafer, as has been described above. On the other hand, after the gap 
between the wafer 9 and the final surface 4s of the projection lens is completely filled 
with the liquid, all liquid supply nozzles may supply the liquid regardless of the 
moving direction of the wafer. In this case, the flow rate of the liquid to be supplied 
and that of the liquid to be recovered increase, and the running cost increases. On the 
other hand, supply nozzle switching need not be performed frequently, and the time 
required for switching is saved, thereby increasing the productivity of the exposure 
apparatus. Also, the need for a driving unit which switches between the supply 
nozzles at high speed is eliminated, and the size of each liquid supply unit can be 
reduced. Control of liquid supply is not limited to the arrangement example shown in 
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Fig. 7 and can be applied to the nozzle arrangements shown in Figs. 5 and 6. In this 

case as well, the same effect can be obtained. 

[0103] 

In the arrangement example shown in Fig. 7, the flow rate of the liquid 
supplied from the liquid supply nozzles may be basically determined by applying 
equation (3) to each liquid supply nozzle. For the sake of simplicity, the liquid can be 
supplied uniformly from all the liquid supply nozzles at the same flow rate. In the 
arrangement example shown in Fig. 7, since the discharge ports of the liquid supply 
nozzles are arranged concentrically about the exposure light beams, the width of the 
liquid supply port is set to have a constant value w* regardless of the moving direction 
of the wafer. A total flow rate V is preferably determined in accordance with 
equation (4): 
[0104] 

V'^Tt'Ddv . . . Equation(4) 

where n is the circular constant, D is the average diameter of the discharge 
ports, d is an interval between the wafer and the final surface of the projection optical 
system, and v is the moving velocity of the wafer during immersion. 
[0105] 

Another preferred embodiment of the present invention will be described with 
reference to Figs. 8 and 9. Fig. 8 is a plan view of a wafer stage 10 as seen from 
above nozzles arranged on a final surface 4s of a projection optical system and its 
surroundings. The discharge ports of a liquid supply nozzle 5 and liquid recovery 
nozzle 6 are so arranged as to oppose a wafer 9, and they should be drawn by hidden 
lines (broken lines) in this plan view as seen from above, according to proper 
drawing. For the sake of illustrative simplicity, the discharge ports are drawn by solid 
lines. 
[0106] 

A flat plate 21 is provided adjacent to the wafer 9 chucked on the wafer stage 
10. The flat plate 21 is so arranged as to be almost flush with the upper surface of the 
wafer 9, which is fixed on the wafer stage 10 by vacuum chucking or the like. A 
wafer transport apparatus (not shown) is provided to recover/mount the wafer 9 
from/onto the wafer stage 10 when the flat plate 21 is located immediately below the 
final surface 4s of the projection optical system. 
[0107] 

The steps in this embodiment will be described with reference to Fig. 9. Fig. 9 
shows operation of the units in order of the steps, using the cross-sectional view of the 
main part of Fig. 8. 
[0108] 
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During exposure, a liquid is supplied from the liquid supply nozzle 5 as 
needed and is recovered by the liquid recovery nozzle 6. In the meantime, the gap 
between the wafer 9 and the final surface 4s of the projection optical system is kept in 
a state in which the gap is always filled with the liquid (Fig. 9(a)). After an exposure 
sequence for one wafer 9 ends, the wafer stage 10 is moved such that the flat plate 21, 
which is adjacent to the wafer 9, is located immediately below the final surface 4s of 
the projection optical system (Fig. 9(b)). In moving the wafer stage 10, the liquid 
supply nozzle 5 continuously supplies the liquid while the liquid recovery nozzle 6 
continuously recovers the liquid. With this operation, even when the flat plate 21 is 
located below the final surface 4s of the projection optical system, a space below the 
final surface 4s of the projection optical system is always filled with the liquid. While 
keeping this state, the exposed wafer 9, which is chucked and fixed on the wafer stage 
10, is recovered from the wafer stage 10 to a wafer storage unit (not shown). In 
addition, a new wafer 9* is mounted on the wafer stage 10 and is chucked and fixed on 
the wafer stage 10 (Fig. 9(c)). 
[0109] 

The wafer stage 10 is moved while the liquid supply nozzle 5 continuously 
supplies the liquid, and the liquid recovery nozzle 6 continuously recovers the liquid. 
The wafer 9' is fed immediately below the final surface 4s of the projection optical 
system while filling the space below the final surface 4s with the liquid (Fig. 9(d)). 
[0110] 

This movement of the flat plate 21 to an exposure position while continuously 
supplying and recovering the liquid even after the exposure makes it possible to 
recover most of the liquid on the wafer. Accordingly, wafer replacement can 
smoothly be performed without any special liquid recovery operation, and the 
productivity of exposure apparatuses can be increased. Since the final surface 4s of 
the projection optical system is always filled with the liquid regardless of whether the 
wafer replacement is being performed, no impurity contained in the ambient 
atmosphere directly comes into contact with the final surface 4s of the projection 
optical system. Additionally, the contact area between the liquid and the air is 
minimized, and thus the amount of impurities to be absorbed in the liquid can be 
minimized. Thus, any cloud due to the impurities can be suppressed in the final 
surface 4s of the projection optical system. 
[0111] 

When the liquid is recovered every time wafer replacement is performed, a 
thin liquid film is temporarily attached to the surface of the final surface 4s of the 
projection optical system. If the liquid is pure water or the like, inorganic components 
or hydrophilic organic components contained in the environment are likely to be 
absorbed in the film of pure water. After the pure water evaporates, the inorganic 
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components or organic components are highly likely to remain on the surface of the 

projection optical system, thereby causing a cloud. 

[0112] 

As shown in Figs. 9(b) and 9(c), during replacement of wafers on the wafer 
stage 10, a liquid film is maintained between the final surface 4s of the projection 
optical system and the flat plate 21. Immediately before this state, the liquid film had 
come into contact with the surface of a photosensitive agent applied to the wafer and 
had received exposure light. When the photosensitive agent is exposed, components 
contained in the photosensitive agent are released in any event as gas-like substances, 
and these gas-like substances may be dissolved in the liquid film, which is in contact 
with the upper surface of the photosensitive agent. 
[0113] 

Immediately after the exposure, the gas-like substances are dissolved in the 
liquid film, and the liquid film is contaminated. The liquid film is preferably replaced 
with a new one before the start of the next exposure. Otherwise, the dissolved 
impurities change the transmittance of the liquid film and adversely affect exposure 
amount control. Degradation in productivity of exposure apparatuses such as 
variation increase in line width may occur. Furthermore, the dissolved impurities may 
be supersaturated and may appear as air bubbles, thereby causing poor imaging. The 
impurities dissolved in the liquid film cause a chemical reaction by exposure light, 
and may cause clouds in the final surface of the projection optical system. Under the 
circumstances, these problems and solutions to them will be considered. 
[0114] 

While the liquid supply nozzle 5 continuously supplies a new liquid, and the 
liquid recovery nozzle 6 continuously recovers the liquid, the liquid film will be 
replaced with the new liquid even when the replacement rate is low. Accordingly, in 
some cases, only supply and recovery by the nozzles 5 and 6 may increase the purity 
of the liquid film to a level enough for the next exposure on the wafer 9 or flat plate 
2 1 . If the flow rate of the supply or recovery is increased immediately after exposure 
and is returned to the original flow rate immediately before exposure, the purity of the 
liquid film can further be improved. In this case, if the wafer 9 and flat plate 21 are 
moved along with a change in flow rate, and the moving velocities of the wafer 9 and 
flat plate 21 are changed along with the change in flow rate, the replacement rate of 
the liquid film increases. Supplying and recovering the liquid while reciprocating or 
rotating the wafer 9 or flat plate 21 is more preferable because liquid films can be 
replaced continuously. 
[0115] 

This increase or decrease in supply flow rate and recovery flow rate may be 
performed for every shot region or every wafer. The interval between executions or 
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timings of execution may be changed as needed. Even if the exposure process is not 
performed, outgassing can occur depending on the material for the photosensitive 
agent to be used. In some cases, just contact of a liquid film with the photosensitive 
agent can cause contamination to develop. In other cases, outgassing may occur in 
large amounts with respect to the necessary exposure amount. Hence, a liquid film 
may be easily contaminated more than expected. 
[0116] 

Under the circumstances, as another method of more actively replacing a 
liquid film below the final surface of the projection optical system with a new liquid, 
a suction port 22 may be provided at an appropriate position such as the center of the 
flat plate 21, as shown in Fig. 8. Suction units (not shown) such as a suction pump 
and cylinder are connected to the suction port 22 to suck a gas or liquid. More 
specifically, as shown in Fig. 10, a liquid is recovered from the suction port 22 while 
the flat plate 21 is fed immediately below the final surface 4s of the projection optical 
system. At the same time, the flow rate to be supplied from the liquid supply nozzle 5 
is increased by at least the same amount as the flow rate to be sucked from the suction 
port 22. With this operation, most the liquid film below the final surface 4s of the 
projection optical system flows not externally in the radius direction (toward the 
liquid recovery nozzle 6) but toward the suction port 22 at the center. Even when the 
flat plate 21 is in a stationary state, the liquid film can always continuously be 
replaced with a new liquid (Figs. 10(b) and 10(c)). 
[0117] 

With the above-mentioned arrangement, the replacement rate of the liquid 
below the final surface 4s of the projection optical system drastically increases. 
Liquid film replacement is performed not on a photosensitive agent susceptible to 
contamination but on the flat plate 21, which can employ a material that is resistant to 
chemical contamination and can maintain the cleanliness with ease. For this reason, a 
gap below the final surface 4s of the projection optical system can be filled with a 
liquid of high purity. Thus, influences such as a cloud of impurities in the outer air or 
impurity gas components generated from the surface of the photosensitive agent onto 
the final surface of the projection optical system can effectively be suppressed. 
[0118] 

Liquid film replacement on the flat plate 21 as shown in Figs. 9 and 10 is not 
limited to wafer replacement. The liquid film replacement can be performed as 
needed even during an exposure sequence of one wafer regularly or irregularly. 
[0119] 

In the arrangement example shown in Figs. 9 and 10, the flat plate 21 is 
arranged on the wafer stage. When a wafer is transferred between the wafer stage and 
a wafer transport apparatus (not shown), the flat plate 21 is located immediately 
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below the final surface 4s of the projection optical system. However, the flat plate 21 
may be arranged to be located immediately below the final surface of the projection 
optical system even when various operations necessary before and after exposure or 
various operations necessary for maintaining and managing the exposure apparatus, 
such as an alignment measurement step with an off-axis microscope (not shown) 
before exposure are performed. If a plurality of flat plates 21 or a plurality of suction 
ports 22 need to be arranged at a plurality of wafer stage positions immediately below 
the final surface of the projection optical system, the plurality of flat plates or a 
plurality of suction ports may be arranged on the wafer stage. Like the flush plate 19 
shown in Fig. 3, the flat plate may be so arranged as to surround the wafer. 
Alternatively, a plurality of suction ports may be provided in the flat plate at the 
positions each of which opposes the final surface of the projection optical system 
during the respective steps. 
[0120] 

In Figs. 9 and 10, the flat plate 21 is arranged on the wafer stage 10. A 
dedicated driving unit (not shown) may be provided such that the flat plate 21 can 
move independently of the wafer stage 10. In this case, the flat plate 21 should be 
driven so as not to form a large gap between the flat plate 21 and the wafer 9, which is 
chucked and fixed on the wafer stage 10. For example, when shifting from the state 
in Fig. 9(a) to that in Fig. 9(b) or when shifting from the state in Fig. 9(c) to that in 
Fig. 9(d), the wafer stage 10 and flat plate 21 should be so driven as to move near the 
final surface of the projection optical system while keeping a positional relationship to 
be adjacent to each other. At least while the gap between the wafer and the flat plate 
21 passes immediately below the final surface of the projection optical system, the flat 
plate 21 must be kept flush with the upper surface of the wafer, 
[0121] 

After a liquid film is moved to between the final surface of the projection 
optical system and the flat plate 21, the flat plate 21 maintains the position while the 
wafer stage 10 arbitrarily changes the position. With this operation, the flat plate 21 
and wafer stage 10 can perform various steps. By providing a mechanism which 
moves the flat plate 21 independently of the wafer stage 10, as described above, a 
space below the final surface of the projection optical system can be filled with a 
liquid during a period when the wafer stage 10 is used for various operations other 
than exposure. Also, this mechanism eliminates the need for a plurality of flat plates 
or suction ports or increasing the size of the flat plate, and thus the size of the 
exposure apparatus can be reduced. 
[0122] 

An illuminance uniformity sensor for measuring the illuminance distribution 
of exposure light or an absolute illuminance meter for measuring the absolute 
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illuminance of the exposure light may be provided at an appropriate position of the 
flat plate 21 . In this case, illuminance uniformity and absolute illuminance can be 
measured while a space below the final surface of the projection optical system is 
continuously filled with a liquid without temporarily recovering the liquid and in 
almost the same immersion state as during exposure. Illuminance uniformity and 
absolute illuminance can be measured precisely without deterioration in the 
productivity of the exposure apparatus. As described above, the flat plate preferably 
moves independently of the wafer stage in views of productivity. In the case of a 
scanning exposure apparatus, an illuminance uniformity sensor is preferably arranged 
on the wafer stage together with the flat plate because the cumulative illuminance 
uniformity during scanning can be measured. 
[0123] 

Use of a function of sucking a gas or liquid from the suction port 22 makes it 
possible to generate an initial liquid film on the final surface 4s of the projection 
optical system more quickly. A method of generating an initial liquid film using the 
suction port 22 will be described with reference to Fig. 11. 
[0124] 

First, the flat plate 21 is moved such that the suction port 22 is located 
immediately below almost the center of the liquid supply nozzle 5, which is so 
arranged as to surround the perimeter of the final surface 4s of the projection lens. In 
this state, a liquid is supplied onto the flat plate 21 from the entire perimeter of the 
liquid supply nozzle 5 (Fig. 1 1(a)). 
[0125] 

The supplied liquid forms an annular liquid film f in accordance with the 
location of the liquid supply nozzle 5 between parallel planes (contiguous members) 
20 including the final surface 4s of the projection lens and the flat plate 21 while a gas 
g remains at the center. If the liquid is merely continuously supplied in this manner, 
the gas g is trapped by the liquid film f, and the gas g is not discharged outside. 
Accordingly, the space below the final surface 4s of the projection lens cannot 
completely be filled with the liquid indefinitely. 
[0126] 

Under the circumstances, the gas g is sucked through the suction port 22 while 
the liquid is annually supplied from the liquid supply nozzle 5 to the space below the 
final surface 4s. This suction makes the pressure of the gas g more negative than the 
pressure of the outer environment. The difference in pressure causes a force to act on 
the liquid film formed around the perimeter of the gas g from the perimeter to the 
suction port 22, and the liquid film starts spreading quickly toward the suction port 22 
(Fig. 1 1(b)). The suction through the suction port 22 is continued. When the liquid 
starts to be sucked through the suction port 22, the gap between the final surface 4s of 
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the projection optical system and flat plate 21 is filled with a liquid film without the 

gas g (Fig. 11(c)). 

[0127] 

The suction from the suction port 22 is stopped. While the suction is stopped, 
supply of a liquid from the liquid supply nozzle 5 may be stopped when the wafer 
stage 10 is stopped. However, when the liquid is in a stationary state, a gas 
constituting the environment or an impurity is always absorbed in the liquid. Then, 
the number of air bubbles or the concentration of an impurity increases, troubles may 
occur. More specifically, air bubbles may not disappear and may remain until 
exposure, micro-bubbles may be generated by exposure, or the final surface of the 
projection optical system may be clouded by the absorbed impurity. To prevent these 
troubles, it is preferable to continuously supply a liquid even while the wafer stage 10 
is kept stopped and recover the liquid by at least the liquid recovery nozzle 6 while 
the liquid is kept supplied. 
[0128] 

During a period from Fig. 1 1(a) to Fig. 1 1(c), the liquid recovery nozzle 6 may 
be stopped. To prevent the liquid from externally splashing due to vibrations, a 
sudden change in liquid supply amount, or the like, the liquid recovery nozzle 6 is 
preferably always operated. 
[0129] 

Finally, the wafer stage 21 is moved such that the wafer 9 is located 
immediately below the final surface of the projection optical system while 
continuously supplying and recovering the liquid (Fig. 1 1(d)). 
[0130] 

As described above, by sucking the gas or liquid, if an annular liquid film is 
grown toward the center, a liquid film free from air bubbles can be formed more 
quickly, and the productivity of the exposure apparatus can be increased. This 
method does not require movement of the stage. This method is suitable as a method 
of generating a large-area liquid film when a projection optical system with a larger 
numerical aperture is adopted. 
[0131] 

With the suction port 22, the liquid film can be recovered quickly. More 
specifically, when the liquid film is transferred to between the final surface 4s of the 
projection optical system and the flat plate 21, supply of the liquid from the liquid 
supply nozzle 5 is stopped, and the liquid is recovered from the suction port 22. With 
this operation, most of the liquid film between the final surface 4s of the projection 
optical system and flat plate 21 can quickly be recovered. At this time, to more 
completely recover the liquid, the liquid may be sucked while moving the wafer stage 
10. With the recovery function of the liquid film, the liquid film can be recovered 
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immediately. For this reason, maintenance and inspection operation of the apparatus, 
and remedy operation against failure can be quickly be performed without any delay. 
[0132] 

The method of quickly generating an initial liquid film using the suction port 
22 formed in the flat plate 21 has been described with reference to Fig. 11. Aside 
from this method, even when a liquid inlet port 23 is provided in the flat plate 21 
instead of the suction port 22, and a liquid is supplied from a liquid supply unit (not 
shown) through the liquid inlet port 23, as shown in Fig. 12, the initial liquid film can 
quickly be generated to be described later. More specifically, in Fig. 12, the flat plate 
21 is moved such that the liquid inlet port 23 is located immediately below almost the 
center of the liquid supply nozzle 5, which is so arranged as to surround the perimeter 
of the final surface 4s of the projection lens. In this state, the liquid is supplied onto 
the flat plate 21 through the liquid inlet port 23. The supplied liquid forms a small 
liquid film between the final surface 4s of the projection lens and the flat plate 21 
including the liquid inlet port 23 (Fig. 12(a)). 
[0133] 

When the liquid is further supplied through the liquid inlet port 23, the small 
liquid film f spreads radially (Fig. 12(b)), and the gap between the final surface 4s of 
the projection optical system and the flat plate 21 is supplied with the liquid. 
[0134] 

The liquid is recovered as needed through the liquid recovery nozzle 6. This 
prevents the liquid from leaking from the flat plate 21 or final surface 4s of the 
projection optical system (Fig. 12(c)). 
[0135] 

Use of the liquid inlet port 23 also makes it possible to continuously fill the 
liquid film below the final surface of the projection optical system with new liquid 
without externally splashing or leaking the liquid while the flat plate 21 is in a 
stationary state, as described with reference to Fig. 10. More specifically, the liquid is 
supplied from the liquid inlet port 23, and at the same time, the liquid is recovered 
through the liquid recovery nozzle 6. At this time, supply of the liquid from the liquid 
supply nozzle 5 is preferably stopped. 
[0136] 

With this operation, the space between the flat plate 21 and the final surface 4s 
of the projection optical system starts to be filled with a liquid from almost the center. 
This can make the contact area with the ambient gas smaller than a method of filling 
the liquid from the perimeter of the final surface 4s of the projection optical system 
using the suction port 22. A gas dissolved in the initial liquid film or an impurity 
contained in the gas can be reduced. For this reason, more stable exposure/resolving 
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performance can be obtained, and the effect of suppressing a cloud caused by an 

impurity can further be increased. 

[0137] 

The suction port 22 shown in Figs. 10 and 1 1 may be provided in the flat plate 
21, in addition to the liquid inlet port 23. The liquid inlet port 22 may be used to 
generate an initial liquid film or perform liquid film replacement while the suction 
port 23 may be used to recover the liquid for replacing the liquid film portion with the 
ambient gas. A single opening portion can implement both of the functions of the 
liquid inlet port 23 and those of the suction port 22. More specifically, a suction unit 
(not shown) and liquid supply unit (not shown) may communicate with an opening 
formed in the flat plate 21 through a switching valve, and the switching valve may be 
switched, thereby switching between the functions of the suction port 22 and those of 
the liquid inlet port 23 as needed. This can reduce the size of the flat plate 21 . 
[0138] 

Use of the flat plate 21, suction port 22, and liquid inlet port 23 described with 
reference to Figs. 8 to 12 is not limited to a combination with the liquid supply nozzle 
or liquid recovery nozzle described explicitly in this specification. For example, the 
flat plate 21, suction port 22, and liquid inlet port 23 can be used in combination with 
various liquid supply and recovery mechanisms such as a liquid supply pipe and 
liquid recovery pipe disclosed in WO99/49504. 
[0139] 

Fig. 13 is a perspective view showing the sixth arrangement example of the 
structures and layout of a liquid supply nozzle and liquid recovery nozzle. The 
arrangement example shown in Fig. 13 is different from the arrangement example 
shown in Fig. 6 in that a peripheral portion (projecting portion) 20c is provided 
outside the perimeter of a liquid contact surface 20a on which the liquid supply 
nozzles 5 are arranged and nearer to the wafer than the liquid contact surface 20a, i.e., 
there is a step. The liquid recovery nozzles 6 are arranged annularly on the peripheral 
portion 20c. 
[0140] 

Since the peripheral portion 20c is arranged outside the perimeter of the liquid 
contact surface 20a on which a liquid film of the final surface 4s of the projection 
optical system is formed and nearer to the wafer than the liquid contact surface 20a, a 
liquid is unlikely to escape outside the liquid contact surface 20a. This can reduce the 
ability to recover a liquid through the liquid recovery nozzles 6 and can reduce the 
sizes of the liquid recovery nozzles 6 and a liquid recovery unit 8. In the arrangement 
example shown in Fig. 13, each liquid recovery nozzle 6 is arranged on the peripheral 
portion 20c. However, the liquid recovery nozzles may be arranged on, e.g., the 
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liquid contact surface 20a or may be arranged on both of the liquid contact surface 

20a and peripheral portion 20c to more reliably recover the liquid. 

[0141] 

In the arrangement example shown in Fig. 13, the peripheral portion 20c, 
which is raised from the liquid contact surface 20a inside the peripheral portion 20c, 
surrounds the perimeter of the final surface 4s of the projection optical system. For 
example, if the moving direction of the wafer is limited, the peripheral portion 20c or 
stepped portion may be arranged only on the downstream side of the moving direction 
of the wafer. In this case, the length of the peripheral portion 20c or stepped portion 
is desirably equal to or larger than that of the liquid recovery nozzle. 
[0142] 

Each of the ports of the liquid supply nozzles 5 and liquid recovery nozzles 6 
may be arranged as a mere opening. However, to reduce place nonuniformity of the 
liquid supply amount or recovery amount and prevent liquid dripping, a porous plate 
or porous member with fine pores is preferably provided to each port. A porous 
member formed by sintering a fibrous or particulate (powder) metal material or 
inorganic material is particularly preferable. As a material for the porous plate or 
member (a material used for at least the surface), stainless, nickel, alumina, and quartz 
glass are preferable in views of affinity for pure water or a fluorinated solution used as 
an immersion medium. 
[0143] 

Fig. 14 is a perspective view of the seventh arrangement example of the 
structures and layout of the liquid supply nozzle and liquid recovery nozzle. The 
arrangement example shown in Fig. 14 is different from the first to sixth arrangement 
examples in that an inert gas outlet unit 24 is provided at the outermost portion, which 
surrounds the final surface 4s of the projection optical system. 
[0144] 

The inert gas outlet unit (outlet ring) 24 communicates with an inert gas 
supply unit (not shown) and is arranged to eject an inert gas toward the wafer or flat 
plate arranged below at almost a constant rate. While a liquid film is formed between 
the final surface 4s of the projection optical system and the wafer or flat plate, an inert 
gas is ejected from the inert gas outlet unit 24. By applying a pressure to the liquid 
film with the inert gas from the perimeter side, a liquid constituting the liquid film can 
be prevented from externally splashing. This functions effectively particularly when 
the wafer or flat plate moves. The supply of the inert gas presses the liquid film 
toward the center, and thus the liquid film can be prevented from attaching to the 
surface of the wafer or the flat plate and remaining on it. The supply of the inert gas 
can also dry the surface of the wafer or flat plate. If the inert gas is used only to dry 
the wafer or flat plate, the pressure of the inert gas may be low. 
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[0145] 

To suppress place nonuniform ity in the ejecting rate between locations, a 
porous plate or porous member may be provided to the outlet port of the inert gas 
outlet unit 24, like the liquid supply nozzle 5. If the inert gas outlet unit 24 includes a 
slit nozzle which ejects an inert gas through a fine gap of about 0.1 mm, the 
consumption amount of the inert gas can be suppressed. 
[0146] 

With the above-mentioned arrangement, a liquid can more reliably be 
prevented from remaining on the upper surface of the wafer or flat plate. This 
eliminates the need for a unit or operation to recover the remaining liquid and 
contributes to increasing the productivity of exposure apparatuses and preventing an 
increase in apparatus size in wafer replacement and maintenance. In addition, supply 
of an inert gas can reduce a period when the surface of a photosensitive agent applied 
to the upper surface of the wafer is kept wet and can immediately dry the surface of 
the photosensitive agent. The dependence on the wet state, which influences a 
development step after exposure of the photosensitive agent, can be minimized. Thus, 
the photosensitive agent can be expected to have stable resolving performance. 
[0147] 

In the arrangement example shown in Fig. 14, the liquid supply nozzle 5 and 
liquid recovery nozzle 6 are arranged on the liquid contact surface 20a, which is 
almost flush with the final surface 4s of the projection optical system. The peripheral 
portion 20c is arranged outside the liquid supply nozzle 5 and liquid recovery nozzle 6 
nearer to the wafer than the liquid contact surface 20a, and the inert gas outlet unit 24 
is arranged on the peripheral portion 20c. The inert gas outlet unit nearer to the wafer 
than the liquid contact surface 20a makes it possible to obtain a large pressure 
difference with a relatively small gas flow rate, suppress the running cost of the 
exposure apparatus, and minimize influences of the inert gas on the outside. The 
effect of the inert gas outlet unit can be obtained even if the inert gas outlet unit 24 is 
arranged within the liquid contact surface 20a. In the arrangement examples shown in 
Figs. 3 to 5, an inert gas outlet unit whose length is longer than that of the liquid 
supply nozzle 5 or liquid recovery nozzle 6 can be provided outside the liquid supply 
nozzle 5 and liquid recovery nozzle 6 and upstream in the moving direction of the 
wafer. 
[0148] 

Assume that a gas suction portion (suction ring) (not shown) is provided 
around the perimeter of the inert gas outlet unit 24 shown in Fig. 14 to suck and 
recover an inert gas ejected from the inert gas outlet unit 24 and discharge the sucked 
inert gas to a place which does not influence the surroundings of the exposure region. 
In this case, influences of the inert gas on the surroundings of the exposure region can 
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be minimized. A typical example of the influences of the inert gas on the 
surroundings of the exposure region will be described. For example, the inert gas 
flows into the optical path of an interferometer which measures the position of a wafer 
stage or the optical path of an optical focus sensor, components of the gas in the 
optical path become nonuniform in views of time or space. This causes fluctuating 
measurement values and results in a measuring error. 
[0149] 

As the inert gas, air or nitrogen from which moisture or an impurity such as an 
organic substance, acidic gas, or alkaline gas that may cause clouds in an optical 
system or may influence a photosensitive agent is sufficiently removed is 
appropriately used. Particularly use of nitrogen can prevent oxygen in the outer air 
from dissolving in the liquid with which the space below the final surface of the 
projection optical system is filled. This use can prevent the contact surface with the 
liquid from being oxidized and corroded when pure water or functional water is 
employed as the liquid. 
[0150] 

Fig. 15 is a view showing a preferred arrangement example of the liquid 
supply nozzle 5. The outlet port of each of the liquid supply nozzles 5 shown in Figs. 
3 to 8, 13, and 14 has a slit-like shape. On the other hand, in the arrangement 
example shown in Fig. 15, one nozzle unit (discharge unit) 5 has n (a plurality of) 
nozzles Jl to Jn. These nozzles Jl to Jn are connected to the liquid supply unit 7 
through on-off valves VI to Vn, respectively. By switching the operation of each of 
the on-off valves VI to Vn corresponding to the nozzles Jl to Jn, supply of a liquid 
can be started/stopped separately. 
[0151] 

Such nozzles may be arranged not only in one line but in a plurality of lines. 
In this case, the supply flow rate can be increased, and a liquid film can be formed to 
have a complicated shape. 
[0152] 

The nozzle unit 5 including a plurality of nozzles can be controlled in the 
following manner. When immersion is to be performed from the peripheral border of 
the wafer, as shown in Fig. 16, only the on-off valves corresponding to ones of the 
plurality of nozzles under which the wafer is positioned are opened to supply the 
liquid. As the wafer moves, the on-off valves corresponding to ones of the plurality 
of nozzles under which the wafer comes are sequentially opened to further supply the 
liquid onto the wafer. This can prevent the liquid from leaking from the wafer. This 
reduces the unit load for recovering the liquid. 
[0153] 
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Fig. 16 shows a case wherein the wafer moves and enters a region below the 
line of nozzles. The same applies to a case wherein the wafer comes off the region 
below the line of nozzles. Alternatively, a flush plate may be provided outside the 
wafer. In this case, supply of the liquid from each nozzle only needs to be controlled 
in accordance with the edge of the flush plate. This can minimize the size of the flush 
plate. As a result, the moving distance of the wafer stage can be reduced, and the size 
of the apparatus can be reduced. 
[0154] 

In the arrangement example shown in Fig. 15, supply/stop of the liquid from 
each unit of the nozzle unit 5 is controlled by opening/closing the corresponding on- 
off valve. Alternatively, a function of discharging/stopping droplets can be embedded 
in each nozzle of the nozzle unit, as in, e.g., an ink-jet printer. In addition to 
continuous supply of the liquid, a substantially continuous liquid film can be formed 
on the wafer by discharging droplets at a high frequency. More specifically, the 
structures and functions of, e.g., a BUBBLE JET (registered trademark) nozzle, 
thermal jet nozzle, or piezo-jet nozzle can be used. 
[0155] 

According to the preferred embodiment of the present invention, in a 
projection exposure apparatus using immersion, a liquid film can be generated 
between a final surface of the projection optical system and a substrate in a short 
period of time without splashing droplets. Also, generation of micro-bubbles during 
projection exposure can be suppressed. In addition, the need for operation of 
separately recovering the liquid for each substrate, for each alignment step before 
exposure, or for each step of maintaining the performance of the exposure apparatus is 
eliminated. The final surface of the projection optical system can be coated with a 
liquid always having high purity, and the contact area with the ambient atmosphere 
can be reduced. Accordingly, a predetermined exposure and resolving performance 
can stably be obtained, and clouds due to an impurity contained in the environment or 
photosensitive agent can be suppressed or prevented. This allows high-precision and 
stable projection exposure without increasing the scale of an exposure apparatus and 
decreasing the productivity of the exposure apparatus. A fine pattern can be 
transferred onto a substrate stably and satisfactorily. 
[0156] 

The manufacturing process of a semiconductor device using the above- 
mentioned exposure apparatuses will be described using a device such as a micro 
device as an example. Fig. 17 shows the flow of the whole manufacturing process of 
the semiconductor device. In step 1 (circuit design), a semiconductor device circuit is 
designed. In step 2 (mask formation), a mask based on the designed circuit pattern is 
formed. 
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[0157] 

In step 3 (wafer manufacture), a wafer is manufactured by using a material 
such as silicon. In step 4 (wafer process) called a preprocess, an actual circuit is 
formed on the wafer with the above-mentioned exposure apparatus by lithography 
using the prepared mask and wafer. Step 5 (assembly) called a post-process is the 
step of forming a semiconductor chip by using the wafer formed in step 5, and 
includes an assembly process (dicing and bonding) and packaging process (chip 
encapsulation). In step 6 (inspection), the semiconductor device manufactured in step 
5 undergoes inspections such as an operation confirmation test and durability test of 
the semiconductor device manufactured in step 5. After these steps, the 
semiconductor device is completed and shipped in step 7. 
[0158] 

The wafer process in step 4 includes the following steps. More specifically, 
the wafer process includes an oxidation step of oxidizing the wafer surface, a CVD 
step of forming an insulating film on the wafer surface, an electrode formation step of 
forming an electrode on the wafer by vapor deposition, an ion implantation step of 
implanting ions in the wafer, a resist processing step of applying a photosensitive 
agent to the wafer, an exposure step of transferring the circuit pattern onto the wafer 
having undergone the resist processing step using the above-mentioned exposure 
apparatus, a development step of developing the wafer exposed in the exposure step, 
an etching step of etching a portion except for the resist image developed in the 
development step, and a resist removal step of removing an unnecessary resist after 
etching. These steps are repeated to form multiple circuit patterns on the wafer. 
[0159] 

The present invention can increase the practicality of an exposure apparatus 
and an exposure method using immersion and, for example, more reliably fill the gap 
between the final surface of a projection optical system and a substrate with a liquid, 
reduce the possibility of the final surface of the projection optical system being 
influenced by its surroundings, simplify the structure of an exposure apparatus and 
reduce the size of the exposure apparatus. 

Brief Description of the Drawings 
FigJL 

Fig. 1 is a view schematically showing the arrangement of a preferred 
embodiment of the present invention; 
Fig. 2 

Fig. 2 is a view schematically showing steps of filling with a liquid the gap 
between a projection optical system and a wafer according to the preferred 
embodiment of the present invention; 
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mi 

Fig. 3 is a view showing the first arrangement example of a liquid supply 
nozzle and liquid recovery nozzle in an exposure apparatus according to the preferred 
embodiment of the present invention; 
Fifr 4 

Fig. 4 is a view showing the second arrangement example of the liquid supply 
nozzle and liquid recovery nozzle in the exposure apparatus according to the preferred 
embodiment of the present invention; 
Fig. 5 

Fig. 5 is a view showing the third arrangement example of the liquid supply 
nozzle and liquid recovery nozzle in the exposure apparatus according to the preferred 
embodiment of the present invention; 
Fig, 6 

Fig. 6 is a view showing the fourth arrangement example of the liquid supply 
nozzle and liquid recovery nozzle in the exposure apparatus according to the preferred 
embodiment of the present invention; 

Fig. 7 is a view showing the fifth arrangement example of the liquid supply 
nozzle and liquid recovery nozzle in the exposure apparatus according to the preferred 
embodiment of the present invention; 
Fig. 8 

Fig. 8 is a view schematically showing part of the arrangement of another 
preferred embodiment of the present invention; 
Fig^9 

Fig. 9 is a view showing steps of feeding a flat plate below a projection optical 
system in an exposure apparatus according to another preferred embodiment of the 
present invention; 
Fig. 10 

Fig. 10 is a view showing another step of feeding the flat plate below the 
projection system in the exposure apparatus according to another preferred 
embodiment of the present invention; 

Fig- 1 1 

Fig. 1 1 is a view showing a step of generating a liquid film below the 
projection optical system in the exposure apparatus according to the preferred 
embodiment of the present invention; 

Fig. 12 is a view showing another step of generating a liquid film below the 
projection optical system in the exposure apparatus according to the preferred 
embodiment of the present invention; 
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Fig- 13 

Fig. 13 is a view showing the sixth arrangement example of the liquid supply 
nozzle and liquid recovery nozzle in the exposure apparatus according to the preferred 
embodiment of the present invention; 
Fig. 14 

Fig. 14 is a view showing the seventh arrangement example of the liquid 
supply nozzle and liquid recovery nozzle in the exposure apparatus according to the 
preferred embodiment of the present invention; 
Fie. 15 

Fig. 15 is a view showing an arrangement example of a nozzle unit (nozzle 
unit including a plurality of nozzles) in the exposure apparatus according to the 
preferred embodiment of the present invention; 
Fig. 16 

Fig. 16 is a view showing an application of the nozzle unit shown in Fig. 15; 

and 
Fie. 17 

Fig. 17 is a flowchart showing the whole manufacturing process of a 
semiconductor device. 

Description of Symbols 
1 : RETICLE 

2: ILLUMINATION OPTICAL SYSTEM 

3: RETICLE STAGE 

4: PROJECTION OPTICAL SYSTEM 

4S: FINAL SURFACE OF PROJECTION OPTICAL SYSTEM 

5, 5A, 5B, 5C, 5D, 5E, 5F, 5G, 5H: LIQUID SUPPLY NOZZLE 

6, 6A, 6B, 6C, 6D, 6E, 6F, 6G, 6H: LIQUID RECOVERY NOZZLE 
7: LIQUID SUPPLY UNIT 

8: LIQUID RECOVERY UNIT 

9: WAFER 

1 0: WAFER STAGE 

1 1 : REFERENCE MIRROR 

12: DISTANCE MEASUREMENT LASER INTERFEROMETER 

13: STAGE CONTROL APPARATUS 

14, 15: SURFACE PLATE 

16: SUPPLY PIPE 

1 7: RECOVERY PIPE 

1 8: IMMERSION CONTROLLER 

19: FLUSH PLATE 
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20, 20A, 20B: CONTIGUOUS MEMBERS (LIQUID CONTACT SURFACE) 

20C: PERIPHERAL PORTION 

21: FLAT PLATE 

22: SUCTION PORT 

23: LIQUID INLET PORT 

24: INERT GAS OUTLET UNIT 

F: LIQUID FOR IMMERSION 

G: GAS 

EA: EXPOSURE SLIT REGION 

Jl, J2...JN: NOZZLE 

VI, V2...VN: ON-OFF VALVE 



Fig. 1 

WAFER SCANNING DIRECTION 
Fig. 17 

SI: CIRCUIT DESIGN 

S2: MASK FORMATION 

S3: WAFER MANUFACTURE 

S4: WAFER PROCESS 

S5: ASSEMBLY 

S6: INSPECTION 

S7: SHIPPING 



